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Editorial 

ARCHITECTURE IN THE DIGITAL AGE: 
The effect of digital media on the 
design, production and evaluation of 
the built environment 

The influence of digital media and information tech¬ 
nology on architecture is increasingly evident. 
Architectural design, practice, fabrication and con¬ 
struction are increasingly aided by and dependent on 
digital technology. The proliferation of computers 
and telecomputing in design education and practice 
has resulted in a major paradigm shift and a reori¬ 
entation in theoretical and conceptual assumptions 
considered to be central to traditional design educa¬ 
tion and practice. 

Information technology has become ever more 
pervasive in architectural education and practice, 
and has revolutionised the way we design, practice, 
evaluate, teach and produce architecture. Digital 
technology has reconditioned the design process and 
how we operate as architects. The introduction of 
new computational tools to architectural design 
pushed the limits of conventional design models and 
methods. From inception to representation of 
designs, and from production to life-cycle manage¬ 
ment of buildings, architects had to develop novel 
approaches. 

Architectural practice is becoming increasingly 
digitally driven, which is illustrated by the stunning 
architectural forms. This could not have happened 
without a radical change in the design philosophy 
that started with an increase in the use of digital 
media for design development and manufacturing 
rather than just representation. As noted by Kolarevic 
(2003) "The use of digital modeling (3D) and anima¬ 
tion (4D) software has opened new territories of for¬ 
mal exploration in architecture, in which digitally- 
generated forms are not designed in conventional 
ways." Additionally, digital architecture has recently 
incorporated Smart Geometry and algorithms in 
Artificial Intelligence to name a few. This breathtaking 
digital development has also contributed to the cre¬ 
ation of 'intelligent buildings' that are energy efficient 
and environmentally-friendly. 

The digital age has also radically reconfigured the 
relationship between design and production, creating 
a direct digital connection between what can be 
imagined and designed and what can be built 
through "file-to factory" processes of computer 
numerically controlled (CNC) fabrication (Kolarevic 
2003). The ability to generate construction informa¬ 
tion directly from design information is one aspect of 
digital architecture. Architectural design information 
► 4 


is slowly becoming building information particularly 
with the emergence of Virtual Building solutions, and 
Building Information Modelling (BIM) in particular. In 
fact, BIM implementation could streamline the design 
and construction processes, and eventually may lead 
to the re-establishment of the architect as the master- 
builder. 

The evaluation of the built environment has also 
relied on digital tools for control and diagnostics of 
building components or systems, such as post-occu¬ 
pancy evaluations and building performance model¬ 
ling, which are effectively tested and validated using 
computer models. 

Digital technology also radically changed the way 
we teach and learn architecture (Gross and Do 
1 999, Al-Qawasmi 2005). New computerized stu¬ 
dios such as the paperless studio and the virtual 
design studio have been introduced in many archi¬ 
tectural schools as new ways of practicing and teach¬ 
ing architectural design. Recent developments to 
computer networks are offering further opportunities 
for collaborative work and knowledge transfer at the 
global scale. Certainly more digital innovations and 
developments are to follow making a prediction on 
how architectural education and practice will be in a 
few decades incredibly difficult. 

It is evident that digital media has fundamentally 
changing the way we design, practice, and produce 
architecture. These changes have given rise to a dis¬ 
course and debate on the relationship between digi¬ 
tal technology and architecture. Despite the extensive 
literature on the subject, the impact of digital tech¬ 
nology on how we design, practice, teach, fabricate 
and produce architecture has not been sufficiently 
examined. This special issue of Open House 
International-OHI attempts to shed light on how dig¬ 
ital media affects the design, production and evalua¬ 
tion of the built environment as well as how they chal¬ 
lenging some of the fundamental assumptions, theo¬ 
ries and practices of traditional architectural design 
education and practice. 

More than forty five scholars from a diverse com¬ 
munity of researchers responded with abstracts to a 
call for contributions specifically for this special issue 
of OHI, and twenty nine authors submitted papers for 
blind review. The eight papers selected for this special 
issue have the potential to broaden our knowledge 
and understanding of the impact of digital technolo¬ 
gy on architecture. These papers reflect key issues 
within the digital architecture study field: low cost vir¬ 
tual reality aided design (Tang and Yang), visualiza¬ 
tion for citizen initiated public participation 
(Lindquist), systematic analysis of CAAD education 



(Pektas), cultural implications of applying virtual 
design education (Al-Qawasmi), digital media 
instruction in architecture education (Angulo), design 
exploration using a shape grammar with a genetic 
algorithm (Day), design generative models based on 
fractals (Ediz and Cagdas), and finally intelligent 
agent-based information handling (Chen) 

Both the paper of Mark Lindquist, and the paper 
of Ming Tang and Dihua Yang examine the issue of 
real-time digital visualisation in architectural design. 
However, each addresses the issue using different 
context and tools. While Ming Tang and Dihua Yang 
examine the issue of real-time visualization and its 
influence on the architectural design process, Mark 
Lindquist address the impact of digital visualization 
on citizen initiated public participation process. Ming 
Tang and Dihua Yang report on using Low Cost 
Virtual Reality Aided Design (LC-VRAD) in architectur¬ 
al design. The paper explores the benefits and con¬ 
straints of implementing LC-VRAD methods in various 
design phases such as site analysis, schematic 
design, design development, and the final design 
presentation. The paper highlights three main issues: 
how to use game engine in the studio environment; 
how to integrate VR into the design process, not only 
as a visualization tool, but also as a design instru¬ 
ment; and finally how to evaluate different methods 
of representing architectural models based on the 
efficiency of workflow, rendering quality and users' 
feedback. 

Mark Lindquist, on the other hand, examines the 
impact of using digital technology on citizen initiated 
public participation process. The paper argues that 
digital visualization, and particularly real-time immer¬ 
sive technology, allows for far more effective com¬ 
munication of design spatial issues than convention¬ 
al media offer, thus empowering the public by bridg¬ 
ing the public-professional communication gap. The 
paper emphasizes that in public initiated dialogue the 
issues of validity, reliability and ethics are placed at 
the forefront of the discussion, and thus greatly 
increasing the scrutiny placed on both the technolo¬ 
gy and those preparing and presenting the visualiza¬ 
tion. 

In an effort to integrate digital media in the design 
studio and to augment studio instruction, there has 
been extensive application of computers and infor¬ 
mation technology in design education, particularly 
in the past decade or so. The pervasiveness in the use 
of digital technology in architectural design educa¬ 
tion has also resulted in major changes in how archi¬ 
tecture is being taught and learned (Al-Qawasmi 
2005, 2006. The impact of digital media on archi¬ 


tectural design education is the concern of three 
papers by Sule Tasli Pektas, Jamal Al-Qawsmi, 
Antonieta Angulo. 

Compared to other areas of architectural 
research, CAAD is lacking in both definition and 
structure (Hanna and Barber, 2001). Sule Tasli Pektas 
address this gab by proposing a comprehensive, 
structured framework to study and analyze CAAD 
education. The proposed approach analyzes CAAD 
education from four different perspectives: objectives 
(why), contents (what), methodology (how) and man¬ 
agement (who). It also provides a systematic way to 
evaluate CAAD at four different knowledge and dis¬ 
ciplinary levels (viewpoints): sociological, ideological, 
epistemological, and pedagogical. 

Al-Qawasmi paper examines the new paradigm 
of teaching and learning design virtually and the pos¬ 
sible cultural implications of its implementation in 
developing countries such as the Arab states. The 
paper argues that information technology tools and 
virtual design environments (VDE) bring both oppor¬ 
tunities and challenges for developing countries, and 
thus should be carefully examined. The paper con¬ 
cluding that implementing virtual design education in 
developing countries that share similar cultural val¬ 
ues as the Arab states may have numerous advan¬ 
tages such as openness to regional (sub)cultures and 
their architectural traditions; promoting national 
identities and regional identifications and associa¬ 
tions; and promoting localism and regionalism. 

Antonieta Angulo presents a structured collection 
of case studies from the College of Architecture at 
Texas A&M University, one of the largest architectural 
schools in the United States that has long experience 
in the application of computer technology in the 
teaching and practice of design. These case studies 
were organized around the core discussion of how to 
address the subject of digital media and their incor¬ 
poration in design curricula in schools of architec¬ 
ture. The paper examines the issue of "when", "what" 
and "how" we teach digital media and digital design, 
and the issue of developing multimodal and media- 
rich design environments. 

Generative design systems are relevant to con¬ 
temporary design practice in a variety of ways. Their 
integration into the design process allows the devel¬ 
opment of novel design solutions, difficult or impos¬ 
sible to achieve via other methods (Caldas and 
Norford 1999). Alan Day, and Ozgur Ediz and 
Gulen Cagdas papers examine generative design as 
an approach to enable designers in the early design 
stage. However, they address the issue of generative 
design from two different perspectives. While Day 
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uses generative approach that utilizes shape gram¬ 
mar and genetic algorithm, Ediz and Cagdas use 
fractal geometry concepts. 

In his paper, Design Exploration Using a Shape 
Grammar with a Genetic Algorithm, Alan Day sug¬ 
gests a generative approach based on shape gram¬ 
mar and genetic algorithms. Although the idea of 
linking a shape grammar to a genetic algorithm is 
not new, this paper proposed a novel way in which 
this might be done; by using the shape code as the 
genotype. The paper reports on Shape Evolution, a 
prototype generative design program. Shape 
Evolution allows for the definition of a design space 
by using a shape grammar, and only searches for 
solutions inside this space. This approach provides a 
way of creating a range of potential solutions to a 
design problem which fit with the designer's stylistic 
agenda. An interesting aspect of the proposed 
approach is using a shape code, which describes the 
steps that the shape grammar has taken to create 
each design. 

Ozgur Ediz and Gulen Cagdas, on the other 
hand, present generative design approach that relies 
on the fractal dimensions of an existing architectural 
pattern. Such a fractal geometry-based generative 
approach aims to enable the designer to create and 
explore new architectural forms that ensure the con¬ 
tinuity of the existing architectural language. In addi¬ 
tion the paper examined fractal concepts that 
appeared through "Chaos Theory" and how they 
affect contemporary architectural design. 

Intelligent agent-based information handling is 
new research area and one of the most important 
topics in the field of artificial intelligence and its 
application in architecture and the built environment. 
The focus of this research is to achieve an Intelligent 
Environment (El), a physical environment capable of 
natural human interactions, and that provides both 
proactive and reactive services to a community of 
users (Chun Mo 2002). Using intelligent agents to 
establish a smart open house system is the concern in 
the last paper of the collection by Shang-Yuan Chen. 
Chen's paper presents a smart open house system 
that utilizes an agent-based smart skin. The smart 
skin achieves adaptive actions that respond to users' 
lifetime needs by collecting environmental informa¬ 
tion through sensing devices. Such agent-based 
adaptive actions are based on fuzzy logic inference 
and neuro-fuzzy learning processes. The paper 
argues that such smart lifetime (or ageless) home will 
be highly needed to serve the aged society that will 
emerge in Taiwan by 2020. 
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REAL-TIME VISUALIZATION IN THE DESIGN CONTEXT 

Ming Tang & Dihua Yang 


Abstract 

Having been a promising visualization tool since 1950s, ironically, virtual reality is not widely used in the architectural 
design and evaluation process due to several constrains, such as the high cost of equipments and advanced pro¬ 
gramming skills required. This paper described the collaboration between design computing courses and architecture 
design studios that have been taught at Savannah College of Art and Design (SCAD) in 2004 and 2005. These cours¬ 
es explored several practical methods to integrate Low Cost Virtual Reality Aided Design (LC-VRAD) in the architectur¬ 
al design process. As a summary of the collaboration, this paper refers to three main aspects: (I) How to use game 
engine to design an affordable VR system in the ordinary studio environment. (2) How to integrate VR, into the design 
process, not only as a visualization tool, but also as a design instrument. (3) How to evaluate different methods of rep¬ 
resenting architectural models based on the efficiency of workflow, rendering quality and users' feedback. 

Support by the Game and Interactive Design Department at SCAD, students in the School of Building Arts imple¬ 
mented two Low Cost VRAD methods in various design phases, starting from site analysis, schematic design, design 
development to the final presentation. Two popular game engines, Epic Game's Unreal engine and Director MX's 
Shockwave engine, were introduced to students to visualize their pro/ecf in real -time. We discussed computer-aided 
design theories including the application of VR, as well as digital computing and human computer interaction. At the 
end of each quarter, feedbacks from students and faculties were collected and analyzed. These methods were revised 
and improved consistently across 2004 and 2005 academic year. 

Keywords: Virtual Reality, Real-Time Visualization, Game Engine . 


INTRODUCTION: PEDAGOGICAL 
OBJECTIVES 

As visualization and communication tools, comput¬ 
er renderings and fly through animations are wide¬ 
ly used by students in the Architecture Department 
at Savannah College of Art and Design (SCAD). 
However, we find these digital tools are only used 
for producing the final presentation at the end of 
the design stage rather than being integrated into 
the design process at the early beginning. Many 
students stick with the conventional design methods 
by using hand drawings and physical models in the 
schematic design, and only use computer to gener¬ 
ate presentation boards after the design is complet¬ 
ed. This workflow currently widely used in the archi¬ 
tecture design studio does not provide an efficient 
way to study, experience, and evaluate the design 
within the digital environment. 

Another constrain we find in the studio is the dis- 


1 Virtual Reality (VR) opened a new field for architecture design. The 
key point is the user's autonomy of movement within the virtual space 
(Conway Lloyd Morgan, Giuiano Zampi. 1995). With real time tech¬ 
nology, viewers could navigate a 3D environment with external 
devices (joystick, mouse, keyboard or motion tracking system). The 


connection between good-looking computer-gen¬ 
erated (CG) renderings and the actual design qual¬ 
ity. Although with the fast growing digital technolo¬ 
gy, CG renderings are getting more and more pho¬ 
torealistic, neither still-renderings nor animations 
can provide an interactive approach to visualize the 
design. The viewers path and viewpoints are not 
self-chosen but pre-defined. Therefore, an impor¬ 
tant feature of spatial experiencing in the real world 
is missing in these visualization tools —the interac¬ 
tion between viewers and the environment. Students 
usually spend a significant amount of time to ren¬ 
der an animation. However, a pre-defined camera 
path fails to provide the freedom to interact with the 
design during the review. As the result, students are 
discouraged to spend time to create animations. 

To overcome these constrains, we have explored 
the real-time rendering techniques and several vir¬ 
tual reality 1 applications, which provide students 
and faculties an instant 3D visualization and inter- 

display devices such as head mount display (HMD), stereo panorama 
screen, and CAVE system create a fully immersive virtual environment. 
Also, latest web based 3D technology turned Internet into a powerful 
media for VR. Based on the devices and presence level, VR could be 
classified as "immersive VR" and "desktop VR" (John Vince. 2004). 
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action platform for design communication. We 
hope this platform could mimic the way people see 
and experience reality, to simulate "the viewers abil¬ 
ity to control his or her own actions-especially to 
look around and see the environment at will." 
(Yehuda E. Kalay. 2004). More important, we hope 
to find a new virtual reality aided design (VRAD 2 ) 
method and integrate this method in the architec¬ 
ture design studio across all design phases. 

GAME ENGINE AND LOW COST VRAD 

Typical immersive VRAD systems such as HMD and 
motion tracking system are very expensive and 
require a large space to set up. They are not prac¬ 
tical for the studio environment. Another constrain 
of conventional VRAD comes from its complex 
computer programming language. It requires 
designers to have advanced programming skills, 
and therefore restricts its application in the field of 
architectural design. 

Compared with the high-end VR lab's equip¬ 
ment, we find game engine is more affordable for 
most general founded researchers and architecture 
institutes. The game industry is one of the quickest 
growing technology-intense industries in the last 
decade. The latest development of computer 
graphic card and the rendering technology is push¬ 
ing game engines into a new level. Today, game 
engines are using bump map, normal map, HDRI 
rendering, dynamic lighting, and are capable of 
handling very complex, high-polygon geometries 
with a high frame rate. Different from the early age 
game model, high quality and photorealistic real¬ 
time renderings "truly blur the line between pre-ren- 
dered computer-generated film imagery and real¬ 
time rendered 3D game imagery." ( Karen 
Moltenbrey. 2003) The most sophisticated render¬ 
ing pipelines are now found not on specialized sci¬ 
entific machines, but on PC video cards costing less 
than $500. The most sophisticated and responsive 
interactive simulations are now found in the engines 


build to power games. (Michael Lewis and Jeffrey 
Jacobson. 2002). 

Besides the low price and the ability of generat¬ 
ing high quality renderings, another benefit of using 
game engine is its short learning curve. As a new 
generation growing up with internet and video 
games, most students are very familiar with the 
computer games and feel comfortable to navigate 
in the virtual environment with the keyboard and 
joystick. The learning curve of manipulating these 
game engines is very short. In 2003, we started to 
look for game engines and third party plug-ins 
capable of importing CAD models from conven¬ 
tional architecture design software. With the sup¬ 
port from the Interactive and Game Design 
Department at SCAD, we finally selected two pop¬ 
ular game engines. One is Epic Game's Unreal 
engine 3 ; while the other is MacroMedia's Director 
MX 4 with its shockwave 3D engine. With these 
game engines, we designed a Low Cost Virtual 
Reality (LC-VR) system using a desktop, a big screen 
and a mouse /joystick. (Figure 1) The cost was only 
around $ 2,500. Compared with the expensive 
"immersive VR" devices such as stereoscopic display 
and panorama screen, this LC-VR system perfectly 
met our budgets. 

In 2003, a joint project named "Virtual 
Ronchamp Church" was launched by us and the 
Game Design Department to test the ability of 
Unreal game engine. We modeled Le Corbsiehs 
Nortdam church in CAD program and transferred 
it into Unreal. (Figure 2) During the ten weeks in 
working on this project, Unreal engine demonstrat¬ 
ed a great power to handle complex 3D forms 
(such as the high-polygon curved roof), high-reso¬ 
lution textures (1024 pixel by 1024 pixel), and pho- 



I Fig 1 Devices for Desktop VR: Screen, projector, 

; Desktop, keyboard, mouse, and joystick. 

Due to its excellent rendering quality, it is even used for quick preview 
film scene, (http://www.machinima.org) 

4 Macromedia's Director MX is a popular multimedia-authoring tool. 
Compared with other web 3D tools such as Adobe Atmosphere and 
Active Worlds, Director MX has a larger user community and is better 
integrated with 3D modeling programs. 


2 VR Aided Design (VRAD), as "computer-aided design using the 
methods of virtual reality" ( Holger Regenbrecht, Dirk Donath 1997), 
allows architects while being immersed into a virtual space. 

3 Epic Games' Unreal Tournament (UT) game engine is famous for its 
fast rendering speed, and well-designed level editing tools. UT is the 
most "modified" game title with over 25,000 people building their 

own versions of the various games in the series (Lisa Taylor, 2003). 
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Fig 2. Screen capture 
from real time walk 
through of virtual 
Roncham Church in 
Unreal. 



torealistic lighting effects. We were satisfied with the 
high frame rate the Unreal engine achieved with a 
promising rendering quality in real-time. 

Meanwhile, we tested Shockwave game engine 
form Director MX as an alternative solution of 
Unreal engine. Although Directors rendering style 
was not as photorealistic as Unreal, it enabled us to 
composite text, image, video, audio, and interac¬ 
tive 3D model into a single interface. It also sup¬ 
ported web publication, which would make the 
communication between students, faculties and 
clients more flexible. In 2003, an experimental pro¬ 
ject named " HomeNet Too" was developed by the 
author with M.I.N.D lab in Michigan Sate 
University. A large 3D environment was successful¬ 
ly published into a web format after ten weeks' 
development. (Figure 3) 

TEACHING METHODS AND STUDENT 
PROJECTS 

After these two experiments, we started to teach 
with new methods in the Architecture Department at 
SCAD. Two game engines were introduced to stu¬ 
dents in the spatial simulation and visualization 
courses in 2004 and 2005. Students were asked 


to bring their ongoing studio projects into these 
courses and use game engines to facilitate the 
design process. 

Method 1: Unreal game engine 

In this method, students from two courses 
worked together as a team. One course was the 
3rd year Architecture Design Studio, focusing on 
site planning. The other course was Spatial 
Simulation and Visualization, which concentrated 
on the application of real-time rendering and visu¬ 
alization. Each student from Architecture Design 
Studio was assigned a co-worker from the Spatial 
Simulation and Visualization course to form a team. 
These two courses started simultaneously at the 
beginning of the quarter and worked parallel to 
feed each other in the subsequent ten weeks. 
Digital presentations supported by Unreal game 
engine were set up regularly and served as mile¬ 
stones to evaluate the design. (Figure 4) 

Site Analysis and Schematic Design 

To counteract the habit of using computer sole¬ 
ly as a final presentation tool, we introduced VR 
environment into the early stage of the design - site 
analysis and schematic design. A computer-gener¬ 
ated virtual site including accurate terrain, land- 



Fig 3. Screen capture: 
3D interface of 
HomeNetToo 
project 
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scape, and existing buildings, was provided to stu¬ 
dents at the beginning of the quarter. By using the 
game engine, environment fog, animated cloud, 
massive trees, and plants were carefully added to 
match the characteristics of the actual site. After a 
short period of training, students quickly grasped 
the technique in navigating the virtual site. Through 
a virtual "site tour", students dynamically experi¬ 
enced the environment by "walking" with their 
mouse and keyboard. They "stepped" on the roof of 
an existing building and overviewed the entire virtu¬ 
al site. They "flied" through the site by using "none 
gravity" mode and "took pictures" by capturing the 
snapshot and saving images for future reference. 
(Figure 5) By "walking through" the site, design 
issues related to potential building form, materials, 
and the relationship between new building and the 
existing context were discussed. 

Design Development 

To reduce the required programming skill and 
maximize the efficiency of workflow, we used Alias 
Maya to transfer CAD models to Unreal engine. 
This simple pipeline allowed students to import 
detailed 3D models from Micro station, Revit or 
AutoCAD into the real-time rendering. Textures 


were made in Adobe Photoshop and mapped onto 
the 3D geometry in Maya. Within the Unreal Level 
Editor, sun light and sky light were set up to gener¬ 
ate shadow maps. Point lights and spot lights were 
reserved to correcting subtle lighting problems. 
Environment cube map was used to simulate high¬ 
ly reflective metal surface in real-time. In this design 
stage, team members from both courses were 
required to meet frequently to evaluate the design 
in the Unreal simulated environment. The following 
design issues were addressed among team mem¬ 
bers during the real-time walk through. 

• The external circulation of the site 

• The internal circulation of the building 

• The visual connection between the designed 
building and existing context. 

• The view along the proposed pedestrian path 

Final Presentation 

A LC-VR system was used during the final review 
of the 3rd year Architecture Design Studio 5 . Faculty 
juries sitting in front of a projected screen could 
observe a student operator walking inside and out¬ 
side of the virtual building. The operator could also 
follow commands from jury members, such as "turn 
around", "go to the second floor", "look outside 



Fig fz Students are 
doing virtual site 
survey in Lab. 


5 The critique of 3rd year Architecture Design Studio focused on two 
issues. First, it was whether the design was well integrated with the 
existing context and connected with other parts of the site. The sec¬ 
ond issue was "the sense of a place", which shows its clear perceptu- 

► 1 0 


al identity: be recognizable, memorable, vivid, engaging of viewers 
attention (Kevin Lynch, Gray Hack. 1984). Psychological and esthet¬ 
ics issues such as space flow, materials, proportion were also dis¬ 
cussed during the critique. 


















Fig 6. Desktop 
VRond 
presentation 
boards were 
used simultane¬ 
ously in the final 
presentation. 


from the window", and etc. (Figure 6) 

Some faculties actually changed their role from 
a passive audience to an active operator. By using 
the keyboard or joystick, they selected his/her own 
path, "walked" into the building, asked questions as 
well as gave comments simultaneously. It was very 
similar as the natural way of critiquing a building 
when people are physically experiencing it. From 
the projected screen, all viewers directly observed 
the operator's navigation behavior. Viewers knew 
which part of the lobby attracted the operator's 
attention, how long it took the operator to find the 
stairs to go upstairs, where the operator got con¬ 
fused and even lost his/her orientation. (Figure 7) 

We did a follow-up questionnaire right after the 
final review. The feedbacks from colleagues, stu¬ 
dents and clients were very positive. As a conclu¬ 
sion, several successful aspects of this method are: 

• The pipeline from CAD to real-time engine is 
very easy to use. 

• It does not require any programming skills. 

• A CAD model can be imported into VR in sev¬ 
eral minutes. 


• Students do not need to spend hours to cre¬ 
ate presentation boards. 

Faculties were very excited to see that LC-VR sys¬ 
tem became a new design instrument 6 to evaluate 
the spatial quality of a design project. Complex 
spatial arrangements and features of the design 
were recognized at the moment of "walking" inside 
of the building. 

Method 2: Director MXs Shockwave game 
engine 

After the success of the first method with Unreal, 
we started the second method in the following 
quarter. Macromedia's Director MX was used as an 
interactive presentation tool. Different from photo 
realistic renderings of Unreal, Director MX features 
abstract rendering style and rich multimedia com¬ 
ponents. Students were taught how to create a web 
interface to visualize their designs within an interac¬ 
tive 3D environment. By using Directors script 
library 7 , various components such as text, 2D 
image, 3D model, flash animation, video, and 
audio were combined together to present a design 



Fig 7 Screen 
capture of virtual 
walk through in 
Unreal engine. 


6 "The model becomes a design instrument, since most of the qualities of the design can be evaluated in the model." (Gerhard Schmitt. 1999) 

7 Director MX's script library allows students to integrate 3D forms with various interactions and media easily. Finally, text, image, animation, 

3D form, audio, and video were assembled together within a single interface. 
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Fig 8. Animated texture as building skin in Director MX engine. 


scheme on the web. To reduce the learning curve, 
several components 8 were developed by the author 
using Director's Lingo language and given to stu¬ 
dents at the beginning of the quarter. 

In ten weeks, students used typical CAD model¬ 
ing tools to complete their detailed models and 
then imported them into Director MX's engine. They 
published their studio projects to a 3D online envi¬ 
ronment. They designed various real-time interac¬ 
tions, which allowed users to walk inside of a virtu¬ 
al room, switch materials, rotate models and 
change camera angles. (Figure 8) At the end of the 
quarter, students uploaded their virtual environ¬ 
ments online and collected feedback from studio 


advisors and other students. 

Compared with Unreal, Director provides cus¬ 
tomized user interfaces and web-based presenta¬ 
tions. It gives students a longer period of time to 
collect feedback from a large user group. 

However, based on the survey data collected 
from students, the second method received a lower 
satisfaction rate. We believe there are two primary 
reasons. The first reason is the rendering quality. 
Unreal game engine and Director MX engine pro¬ 
vide totally different rendering styles. VR running 
with Unreal can be described as "hyper reality 9 " due 
to its photorealistic rendering. (Figure 9) On the 
other hand, VR running with Director MX's shock- 



8 These script enabled students to navigate 3D world with keyboard; use bitmaps, flash movies and other video files as textures in the real time 
rendering. 

9 By mimicking the physical world in every detail (Yehuda E. Kalay. 2004), the advantages of "hyper reality" derive from the richness of experi¬ 
ence, familiarity, and visual comfort they convey. 
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Fig 10. "Abstract reality" rendering style in Director MX. 


wave engine is "abstract reality" due to its flat color 
and none-shadow rendering style. (Figure 10) 
Obviously, students preferred the photorealistic ren¬ 
dering than abstract rendering style. 

The second reason is the interaction. Unreal 
engine allows viewers to interact with 3D objects in 
real-time. For example, users can open or close 
doors and windows, turn on or off lights, and even 
take an elevator by triggering events. (Figure 1 1) 
These interactions increase viewer's presence level 


psychologically and make the scene more believ¬ 
able. Subsequently, students feel more "involved" in 
the Unreal's "hyper reality" world than Director's 
"abstract reality" world. 

Other factors affecting students' rate might be 
the users' presence level. Unreal's interface is a full 
3D view, while Director MX is a hybrid interface with 
3D windows embedded with 2D panels and but¬ 
tons. (Figure 12) 



Fig 12. Hybrid interface in Director MX. 
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CONCLUSION 

During the past three years, our work has been 
focused on applying LC-VR system in the early 
architectural design phase, where computer mod¬ 
els confront with complex design situations. VRAD 
integrates site survey, design evaluation, and con¬ 
struction within a single digital environment, which 
allows a design scheme to be generated, visualized 
and published online quickly. In general, these two 
experimental methods have achieved this primary 
goal by introducing interactive game engines to 
students. The average time for a student to finish a 
real-time rendering project is ten weeks, including 
five weeks of training 10 and five weeks of working 
time. With a short learning curve, students can 
learn the real-time rendering technique fast and use 
it simultaneously with their design studio projects. 

By implementing these two methods to the stu¬ 
dio projects, we find some benefits as well as some 
constraints. 

Benefit of VRAD 

There is a significant amount of positive feed¬ 
backs from faculties and students in the 3rd year 
Architecture Design Studio. Some students com¬ 
mented that they learned a lot about the spatial 
quality when they "interactively walked inside" of the 
space they designed. After exploring VR environ¬ 
ment, students had a better understanding of the 
meaning of "movement patterns and behavior cir¬ 
cuits" (Kevin Lynch, Gray Hack. 1 984). After observ¬ 
ing human & environment interactions by VRAD, 
some students even took their projects further by 
independent research, which was beyond the stu¬ 
dio's requirements. They analyzed how the color, 
lighting, and material could affect people's behav- 


Fig 13. 

Students are 
doing 

presentations with 
desktop VR to 
(faculties and 
clients. 

ior in the space they designed. In the interactive 
environment of game engine, many design issues 
such as scale, proportion, rhythm, and circulation 
are discussed in a more "natural" way when both 
the professor and the student "walk" into the space 
simultaneously. (Figure 13) In addition, this interac¬ 
tive presentation has stimulated more arguments 
and thoughts about spatial recognition, spatial 
memory and other unforeseeable design issues, 
which are not addressed by conventional design 
process. 

As a substitution of pre-rendered animation, 
which is usually the final step of a conventional 
design process, VRAD, as a design instrument, 
starts in the very early stage of the design. 3D 
model can be easily imported into game engine 
and rendered in real-time. These methods enable 
students and faculties to design, modify and explore 
the virtual space and interact with it. After each 
milestone evaluation in the studio, it is very easy for 
students to revise their design, update new models 
and request a second turn evaluation. (Figure 1 4) It 
becomes a cycle of refining and evaluation. It 
makes "design development through comments" 
possible (Thomas Jung, Ellen Yi-Luen Do. 2000). 

Similar as a Mass Multi-player online Game 
(MMOG) 11 , VRAD also extends the conventional 
studio into an unlimited digital space. It enhances 
the communication between faculties and students 
outside of the classroom. The web-based critique 
can flow consistently through the entire quarter 
among a large group of students and faculties. The 
equipment of VRAD, which includes a desktop, 
specified display and navigation devices, can also 
be installed in the studio environment. Compared 
with a web-based virtual world, the local VR system 
is easier to be used for some specific studio activi- 


10 There are many online tutorials available in the Unreal Website (http://udn.epicgames.com) to allow students to go start the training inde- 
pendelly. 

11 With the blooming of Mass Multi-player online Game (MMOG), "video game space changed from privet to public". (Alberto lacovoni. 
2004). Many online 3D worlds provide players the modeling tools they can build their own houses, decorate their own virtual rooms, and 
share with other players through the web. 
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ties such as lectures and presentations. 

Similar as a Mass Multi-player online Game 
(MMOG) , VRAD also extends the conventional stu¬ 
dio into an unlimited digital space. It enhances the 
communication between faculties and students out¬ 
side of the classroom. The web-based critique can 
flow consistently through the entire quarter among 
a large group of students and faculties. The equip¬ 
ment of VRAD, which includes a desktop, specified 
display and navigation devices, can also be 
installed in the studio environment. Compared with 
a web-based virtual world, the local VR system is 
easier to be used for some specific studio activities 
such as lectures and presentations. 

Constrains of VRAD 

Although both methods have received positive 
feedbacks from students and faculties, there are still 
some technical constrains. We find the perfor¬ 
mance and frame rate of both game engines will 
drop down dramatically if a CAD model has a 
large number of geometries. This constrain requires 
the entire CAD model to be built up efficiently and 
carefully in order to minimize the polygon number 
as much as possible. For students, how to optimize 
a complex CAD model for real-time rendering is 
the most strategic aspect. Reducing the polygon 
number allows the game engine to render a CAD 
model with a better performance. But parallel with 
this benefit is a side effect that sometimes it leads to 
the lost of details. Low polygon model makes a 
complex 3D form, such as tent and dome struc¬ 


tures, look cubical and none photo realistic. 

Prospect of VRAD 

Another constrain is the poor connection 
between CAD software and game engine. Because 
neither AutoCAD, Revit nor Micro Station has func¬ 
tions to optimize a 3D geometry or control its level 
of details, students have to learn Alias Maya or 3D 
Studio Max in order to control the polygon number. 
This additional step increases the learning time. 

There are many other challenges and potentials 
of VRAD. For example, how to keep students' inter¬ 
est focusing on the 3D form studies instead of ren¬ 
dering technologies, how to embed 3D scanner 
and laser cut to allow projects to go across analog 
and digital. We will continuously conduct our inves¬ 
tigations and experiments in the future. 

By the time of writing this paper, new projects 
are still ongoing. Teaching methods from previous 
quarters have been refined constantly in the digital 
design courses and used as a starting point in the 
following quarter. Student can gain spatial experi¬ 
ences in an interactive digital environment. Most 
important, they can understand that digital model is 
not just for generating good-looking renderings or 
animations for presentation purpose, but becomes 
a dynamic virtual prototype which they can explore, 
discover, evaluate and adjust. It integrates with the 
cumulative sequences of knowledge in the design 
context and is increasingly involved into various 
design phases. 
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VISUALIZATION FOR CITIZEN INITIATED PUBLIC 
PARTICIPATION: A Case Study 


Mark Lindquist 


Abstract 

This paper examines the impact of a citizen initiated public participation process on preparers and presenters of digi¬ 
tal visualizations for spatial design decision making. Visualization for public participation enables communication 
between professionals and laypeople to occur with far greater success than through conventional methods. Further, 
visualization utilizing real-time immersive technology allows for far more effective communication of the spatial impact 
of design proposals than conventional media offer, facilitating negotiation and interaction with space by providing the 
means to virtually walk around a digital model. In addition, the effectiveness of real-time immersive visualization in 
bridging the public-professional communication gap can empower the public, offering the opportunity to confront pro¬ 
fessionals and to force engagement in a process of public participation on the public's terms. 

Through discussion of a case study from the University of Toronto's Centre for Landscape Research (CLR), this paper 
examines the impact on the visualization process when the public are able to invert the conventional model of public 
participation by initiating the dialogue with professionals. This paper argues that a citizen initiated public participation 
process increases the necessity for a sound methodology and code of ethics of visualization for public participation. 
When the public are able to utilize technology to invert the conventional public-professional role, issues of validity, reli¬ 
ability and ethics are placed at the forefront of the discussion greatly increasing the scrutiny placed on both the tech¬ 
nology and those preparing and presenting the visualization. 

Keywords: Visualization; Ethics; Computer Graphics; Simulation Validity; Decision Support. 


INTRODUCTION 

Public participation allows for democratic input on 
decisions made by a few people that affect many 
people. In the spatial planning disciplines, the pub¬ 
lic participation process frequently involves profes¬ 
sionals communicating complex spatial arrange¬ 
ments to laypeople. However, traditional methods 
of spatial representation, orthographic plans and 
sections, are difficult for the layperson to decipher. 
The failure of traditional planning visualization, 
such as static two dimensional representations, for 
communicating to the public has been presented, 
and the advantages of additional visualization tech¬ 
niques in a conventional public participation model 
have been evaluated by Al Kodmany (1 999). Lange 
(2005: 5) has offered that many of the problems 
contributing to unsuccessful public participation 
processes are caused by a communication break¬ 
down between the public and professionals, which 
visualization can aid in overcoming. 

It has been demonstrated that real-time visual¬ 
ization offers a highly effective means to engage the 


public in spatial decision making. (Bishop, 2005; 
Kwartler, 2005). However, it has been asserted that 
if computer based visualization is at all utilized in 
the design process, it is primarily used as a sales 
tool, employing static glossy images or, at best, 
video based cinematic animations that are aimed 
at selling a proposal to the public rather than 
encouraging them to make a critical decision 
(Danahy, 2004: 161). It has been presented that 
when professionals are reluctant to engage with a 
willing public in a process of consultation, the pub¬ 
lic are able to force engagement with professionals 
via the use of the real-time visualization, inverting 
the conventional process by convincingly presenting 
their visual understanding of a design proposal 
(Lindquist and Danahy, 2006). When visualizations 
are relied upon for real-world decision making, 
validity, reliability and ethics in the preparation and 
presentation of visualizations are a significant issue. 
These issues have been discussed and an interim 
code of ethics offered for preparers and presenters 
of visualizations in a conventional process, where 
the developer or government body control and edit 
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the information that is available to the public for 
input (Sheppard, 2001; Sheppard, 2005). 

This paper presents an unconventional process 
of dialogue where the public were the main propo¬ 
nents of opening communication with design and 
planning professionals, and evaluates the impact 
on the visualization process. Via a case study of a 
publicly initiated participation process, in which 
Centre for Landscape Research (CLR) members 
were involved, the discussion will be expanded by 
examining the opportunity for publicly initiated 
engagement with planners and designers, and how 
that process impacts preparers and presenters of 
visualizations. This paper will be presented in two 
parts; the first will present a case study of a publicly 
initiated participation process, the second will dis¬ 
cuss methods and techniques to address bias for 
preparers and presenters of visualizations in a pub¬ 
licly initiated dialogue. 

PART 1 - PUBLICLY INITIATED 
DIALOGUE 

Public participation can be broadly defined as 
'forums for exchange that are organized for the pur¬ 
poses of facilitating communication between gov¬ 
ernment, citizens, stakeholders and interest groups, 
and businesses regarding a specific decision or 
problem' (Renn, Webler et al., 1995: 2). Arnstein 
identified the degree of inclusiveness of various 
models for public participation that range from 
manipulative non-participatory models to scenarios 
where citizens are empowered and in control of the 
process (Arnstein, 1969). Arnstein asserts that, at 
that time, in many formalized public consultation 
arenas the models seldom surpassed the 4th rung 
of the ladder, 'token placation' (Arnstein, 1969: 
217). In extreme instances the author has experi¬ 
enced professionals who ignore public requests to 
open a dialogue in relation to a contentious pro¬ 
ject. In such cases, the public are forced to confront 
the professionals in an attempt to engage in a dia¬ 
logue, which is no small task; historically the public 
have lacked the professional's ability to read con¬ 
ventional spatial representations, as well as, the 
image making skills to represent alternative pro¬ 
posals, which design professionals are able to use 

► 1 8 


to their advantage. This disparity in both the read¬ 
ing and creation of spatial information has enabled 
professionals to argue their point far more effec¬ 
tively than the public. Further, when challenged, 
professionals have historically controlled informa¬ 
tion and hence are far better equipped to dispute a 
challenge to the design proposal than are those 
lacking site specific information. 

The Fort York Case Study 

In the process of development of a condominium 
project for the Toronto waterfront the CLR was 
approached by the Friends of Fort York (The 
Friends) when City officials and the project devel¬ 
oper ignored The Friends' request to be have their 
opinions heard in relation to the project. A local 
community group, The Friends has a long standing 
commitment to stewardship of the interests of the 
Fort in both its planning and on-going program¬ 
ming of interpretive events and improvement. The 
Friends asked the CLR to visualize the proposal so 
they could better understand the ramifications of 
the condominium and scrutinize it in the CLR 
immersive lab (Figure 1). 

Following sessions in the lab with CLR members 
it was decided by The Friends that they would invite 
city officials and the developer to discuss the devel¬ 
opers proposal in relation to the existing master- 
plan for the area which prior city officials and The 
Friends had agreed on as a positive proposal a 
decade earlier. Owing to The Friends' vested inter¬ 
est in the proposal, it was viewed that the CLR could 



Fig Community meeting facilitated in the Centre 
for Landscape Research (CLR) Immersive 
Visualization Lab. 





Fig 2. Aerial view of 
the real-time digital 
model of the Fort 
York urban design 
proposal. 


provide neutral facilitators, as well as, the technol¬ 
ogy necessary, to develop the visualization and 
facilitate a meeting. The CLR agreed to participate 
and developed a real-time digital model of the pro¬ 
posal for examination in the immersive lab (Figure 
2) - 

The Friends invited the developer, the develop¬ 
er's architect, and city officials to a series of work¬ 
shops aimed at achieving better built form which 
would greatly impact on both the ground level 
experience in the new community as well as the 
experience from within Fort York (Figure 3, 4). The 
developer and City of Toronto were reluctant to 
alter any built form as they had fast tracked the pro¬ 
posal through the planning process. This resulted 
in a stalemate and the case went to the Ontario 
Municipal Board (OMB), a Provincially appointed 
adjudicative tribunal that hears appeals on plan¬ 
ning applications and resolves land use disputes 
(Omb, 2005). The community group was permitted 
to present their visualizations, albeit in two-dimen¬ 
sional printed screen captures of the real-time 
model (Figure 5, 6). Though static and two-dimen¬ 
sional, rather than real-time immersive, the imagery 
was threatening enough to the developer that the 
accuracy of the model was challenged, which with¬ 
stood the board's scrutiny. However, the communi¬ 


ty group was unable to convince the board of the 
value of the ground level experience, and as a 
result the preferred bottom line of the developer 
was ruled as paramount, and no concessions to 
improve the ground-level experience of people 
within the Fort or the proposed neighborhood were 
made. 



Fig 4. Ground level analysis within Fort York. The 
City of Toronto Official Part 2 Plan is shown (solid) 
with the proposed developer high-rise juxtaposed in 
wireframe. 



ig 3. Panorama of the impact of proposed development on the ground level experience within Fort York. 
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Fig 5 & 6 Ground level analysis, two-dimensional printed screen captures of the real-time model that were 
submitted for the OMB hearing 


PART 2 - BIAS IN PUBLICLY INITIATED 
DIALOGUE 

In this case The Friends clearly demonstrated a bias 
that would need to be addressed in the process of 
facilitating meetings. As well, the confrontational 
nature of the process lends itself to bias on the 
developed side. The preparers and presenters of 
the visualization would be scrutinized by the profes¬ 
sionals even more so than normal, as they were 
viewed by the developer as being hired by the com¬ 
munity group and not acting as neutral parties. 


Arguably this placed even more pressure than nor¬ 
mal on the visualization team to provide valid, reli¬ 
able visualizations. The polarized nature at the 
beginning of the process was quite different from a 
standard invited process driven by city officials in 
that the parties of the developer and city were on 
the same side in denying the public's request for 
dialogue to occur. Human bias was inherent to the 
dialogue and it was acknowledged by CLR mem¬ 
bers that it would need to be addressed via the visu¬ 
alization. 












Human Bias 

In a conventional public participation process, initi¬ 
ated by professionals, there is an assumption of an 
open-ended and unbiased discussion in order to 
arrive at consensus. In a publicly initiated process 
bias is essential; initiating a dialogue with develop¬ 
ers and city officials necessitates a particular point 
of view on a topic that has not been addressed and 
is in contrast to the 'party line'. Such polarized bias 
does not need to exist for a conventional top down 
public participation model to occur, though it very 
well may exist or develop; a developer ignoring the 
public's request to be heard could cause the public 
to solidify their opposition, resulting in the develop¬ 
er denying further public involvement. Overcoming 
bias in such polarized groups increases the pres¬ 
sure on the visualization to convey as neutral as 
possible a representation. 

Visualization Bias 

In a conventional process of visualization for public 
participation ethical issues center on ensuring what 
is being presented is portraying an accurate and 
reliable depiction in order to garner consistent 
feedback from the public. In a publicly initiated 
process accuracy is vital, but less important for gar¬ 
nering consistency of opinion. As observed in the 
case study, accuracy was vital so that the city offi¬ 
cials and the developer could not refute the model 
and hence derail the process they were hoping to 
avoid in the first place. In addition to human bias 
there is potential bias in the act of preparing a visu¬ 
alization that can be intentional and unintentional, 
attributed to: inadequate data, modes of presenta¬ 
tion, context of production and perceptual variabil¬ 
ity between preparers of visualizations (Sheppard, 
2001:1 87-1 89). This section will present the meth¬ 
ods and techniques employed in preparing and 
presenting the visualization in the case study. 

Constraints on Visualization Bias 

Four constraints on bias in visualization have been 
identified; system constraints, policy constraints, 
professional guidance & training, and monitoring & 
enforcement (Sheppard, 2001: 189-192). In the 
Fort York case the unique circumstance of publicly 
initiated dialogue meant no policy for such a case 
existed. In addition, policy for the use of digital visu¬ 


alization for communicating to the public was also 
non-existent, which meant no monitoring or 
enforcement could be carried due to the lack of 
comparative knowledge of the process. Indeed it 
has been presented that, in general, frameworks 
seldom exist for visualization in a public participa¬ 
tion process (Sheppard, 2001: 191). Only system 
and professional constraints on bias were present in 
this case to temper the potential bias during the 
preparation and presentation of visualization. 
Members of the CLR, the preparers and presenters 
of the visualization in this case, were dependant 
upon the technology and professional knowledge 
to create a reliable, accurate and valid visualiza¬ 
tion. 

Addressing Bias in Publicly Initiated Dialogue 

The use of specialist software and hardware at the 
CLR made for a difficult task of convincing the 
developers of validity. Past visualization work con¬ 
ducted by the CLR was used as precedent to con¬ 
vince the city and developers of the pedigree and 
validity of the process. The lack of policy constraints 
placed the onus on the CLR to regulate its own visu¬ 
alizations without an outlined timeframe or overall 
framework known throughout the project. Lacking a 
framework CLR members could not know the extent 
to which the process would evolve. As a result, 
much time was spent ensuring accuracy at the out¬ 
set of the project Ultimately the CLR relied on past 
models of best practice to use as precedent to con¬ 
vince city officials that the model was created with¬ 
out bias. The following section outlines the methods 
employed to address bias in the process of devel¬ 
oping the visualization. 

Context of Production 

No existing framework for a publicly initiated 
process existed in Toronto, therefore objectivity was 
paramount. While CLR members had opinions it 
was necessary to present information as neutrally as 
possible. The process involved developing a con¬ 
textual model to site the developers' proposal, cre¬ 
ating an accurate model of that building, and 
developing alternatives using the model to com¬ 
pare options. The apparatus used in the CLR 
Immersive Visualization lab for developing the 
model and facilitating the sessions included com- 
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mercially available and research produced soft¬ 
ware that ran on commercial and specialist hard¬ 
ware. The majority of the digital modeling was 
completed on a standard desktop PC using a com¬ 
bination of Autodesk AutoCAD 2000 and Autodesk 
3D VIZ (Autodesk, 2000; Autodesk, 2000). The 
two Autodesk products were used as they offered 
the highest level of compatibility at that time with 
city of Toronto data and were the most familiar 
modeling environment for CLR members, contribut¬ 
ing to the overall accuracy of the models and con¬ 
fidence in the mode of production. PolyTRIM, soft¬ 
ware developed by the CLR, was used for real-time 
modeling and presenting during meeting sessions 
running on a Silicon Graphics Onyx II workstation 
connected to 3 data projectors for 180 degree 
immersion (Danahy and Hoinkes, 1995). PolyTRIM 
has been developed with expressed purpose of 
real-time modeling and immersive viewing of land¬ 
scape, and allows for a highly realistic representa¬ 
tion visualization environment (Lange, Hehl-Lange 
et al., 2004: 188). For the Fort York project 
PolyTRIM became the de facto environment for 
assembling disparate components from various 
data sources for modeling and viewing in real time, 
a method of working that was unavailable in com¬ 
mercially available software at that time. This 
enabled transferred models from the developer to 
be assimilated into the context model. This was 
necessary due to city officials mandating further in 
the process that the developer must supply data to 
ensure accurate visualization, which contributed to 
alleviating bias as the developers architect was 
supplying the model, removing the onus for accu¬ 
racy from CLR members. 

Perceptual Variation Between Preparers of 
Visualizations 

CLR has a long history of developing digital mod¬ 
els for urban design, planning and landscape 
architecture proposals, including models of 
Ottawa, Stanley Park in Toronto and a highly 
detailed model of the University of Toronto down¬ 
town campus (Danahy, 1987; Danahy, 1999). The 
potential perceptual variation between those 
preparing the visualization was addressed by using 
previous models developed in the above refer¬ 
enced scenarios as a point of comparison to work 
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towards. In addition, the team was composed of 
only two CLR members, while the modeling of the 
contextual information in the Fort York case was 
completed by one CLR member. 

Inadequate Data 

The Fort York project owes much to the historical 
development of a base City of Toronto model that 
has evolved over the past decade. Without the 
model available the work involved to create the 
context would not been complete in time for The 
Friends to initiate dialogue with the professionals. 
The establishment of a base model is critical to the 
process of participation. The base model included 
a Digital Terrain Model (DTM), a combination of 
orthophoto and masterplan drawing for contextual 
terrain and, context buildings and city infrastructure 
such as the Gardiner expressway. Following will be 
a discussion of the data types and methods for 
addressing bias as per each typology. 

Inadequate Data - Terrain 

In this instance the CLR possessed a very detailed 
Digital Terrain Model (DTM) for the site, construct¬ 
ed from 10cm spot elevations acquired from a spe¬ 
cially commissioned laser flyover of the Fort York 
site for a previous project. In addition a relatively 
detailed DTM for the context terrain was created 
from 5 metre contours data that was stitched 
together with the site terrain. The highly accurate 
geo-referenced DTM was used in conjunction with 
geo-referenced orthographic photography as the 
point of reference for the modeling environment. 
The DTM was triangulated using highly detailed 
10cm spot elevations from a laser flyover, creating 
very accurate terrain for the area of study. While 
visually accurate this resulted in an extremely large 
DTM file that reduced performance of the model 
and impacted the real-time qualities of viewing. 
For the sake of the real-time sessions the model was 
simplified using an algorithm from 3D Studio Viz to 
reduce the polygon count. Alternatives were creat¬ 
ed by CLR members comparing each version with 
the original for similarity and evaluating tradeoffs in 
performance. The experience of senior CLR 
researchers was relied upon to decide on an 
appropriate level of abstraction. 



Inadequate Data - Existing Built Form 

Highly detailed photo-realistic buildings were creat¬ 
ed to enhance ground-level views from within the 
Fort. Buildings in the immediate context that were 
deemed to have impact on important views were 
textured with photographs. As detailed plans and 
sections were not available the scale as supplied in 
the City of Toronto model was used as the base and 
textured upon. Each building, in the Fort or imme¬ 
diate vicinity, was checked with its real-world equiv¬ 
alent for accuracy by comparing photos and pro¬ 
portions and counting known elements for dis¬ 
tances. Massing block models were supplied for the 
greater context buildings by the City of Toronto. 
Buildings within Fort York were individually modeled 
from historic plans and sections supplied by The 
Friends of Fort York. These were textured with 
images taken of the buildings on site. The major 
site feature, the Gardiner Expressway, was modeled 
in detail with texture applied. Existing context build¬ 
ings were supplied by the City of Toronto from their 
own 3d urban design model and aligned with the 
high accuracy to the DTM base geo-referenced. 
The supplied buildings did not take into account 
terrain and as a result were at an elevation of 0. To 
accurately place the buildings in the z coordinate 
the elevations of the rooftops were used to raise the 
buildings to the real-world elevation. 

Inadequate Data - Proposed Built Form 

City officials were able to convince developers to 
supply their CAD models for inclusion in the model 
developed by the CLR. This suppressed issues of 
bias in CLR modeling raised by the developer. Main 
concerns were scale and location, as typical archi¬ 
tectural CAD models are seldom geo-referenced 
and typically do not use the same scale as GIS and 
landscape planning models. The phase of the pro¬ 
ject resulted in the developer supplied models 
being not highly detailed. As a result, scaling the 
model to the correct units and locating it in space 
based on the site plan for x and y and DTM for z 
elevation was deemed satisfactory by the develop¬ 
er. 

Modes of presentation 

The use of real-time immersive visualization con¬ 
tributed greatly to controlling bias in the viewing of 


and interaction with the model. The challenge with 
real-time visualization is that there is no fixed point 
of view to develop as there is in a still image or ani¬ 
mation; the model must be reasonably detailed 
from all vantage points if the representation is to be 
trusted. A large amount of work was devoted to the 
contextual areas around the Fort. This resulted in 
virtually any vantage point that could be requested 
to be shown, resulting in no discussion of bias in the 
viewpoints to be raised by any parties. 

DISCUSSION 

The unique circumstance of publicly initiated dia¬ 
logue meant no policy for such a case existed which 
meant no monitoring or enforcement could be 
foreseen. In the Fort York case study the lack of pro¬ 
fessionals using the technology invited the public to 
confront the professionals utilizing the technology 
themselves. The developer and their designers were 
not technologically equipped to argue effectively 
against the real-time technology employed by The 
Friends, as prepared by the CLR, which shifted 
power from the professionals to the public. In the 
end, The Friends' interjection into the process was 
too late to impact the individual project. However, 
from the point of view of the city officials, the tech¬ 
nology was robust, or challenging, enough to 
necessitate integrating the detailed modeling into 
their planning process for adjacent sites, whenever 
the public requested it. 

With the proliferation of representation and visu¬ 
alization technology coupled with an increased 
knowledge to use these tools, the average con¬ 
sumer is far more capable of both understanding 
and creating spatial representations than they have 
been in the past. While the day is not yet upon us 
that the public are able to completely construct their 
own urban design and planning models, this is not 
far off with the current wide spread use of gaming 
level building software by untrained individuals to 
create realistic virtual worlds for play. As the tools 
become ubiquitous via the internet and the process 
of creation simplified through advances in interac¬ 
tive design the public are fast approaching the 
image making skills of professionally trained 
designers. 
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The search engine company Google, who 
recently acquired SketchUp, are offering a free ver¬ 
sion of the software for download and encourage 
the public to model their own houses and environ¬ 
ments, as well as, to post these models on to the 
web (Google 2005). Students of Landscape 
Architecture at Victoria University of Wellington, 
and North Dakota State University, have experi¬ 
mented with this technology for larger scale inter¬ 
ventions in the landscape, albeit with little success 
owing to the scale of the digital model required for 
landscape evaluation. 

While still in its infancy the technology points to 
the increasing capacity in the average consumers 
spatial literacy and knowledge of tools as a grow¬ 
ing trend. An established code of conduct for visu¬ 
alization is necessary to protect the public from the 
onslaught of representations that may proliferate. 
Accurately adhering to, and developing, a code of 
conduct to prepare valid, reliable and unbiased 
visualizations will allow design professionals to dis¬ 
tinguish themselves from the layperson. Offering an 
expertise that will be out of the depth for the DIY or 
at home visualization preparer will enable the 
designer to distinguish their skills, which at this point 
in time arguable are no more valid, or reliable, 
than the at home hobbyists. 

Promising research is being carried out at CLR 
investigating methods and techniques of interactive 
design collaboration over the internet to overcome 
the geographical constraints from visualization 
preparation and presentation. This will aid the 
process as experts will soon be able to collaborate 
with real-time models and share their expertise, 
offering the opportunity to increase the validity and 
reliability of models and processes. In addition, this 
will place those involved at the centre of any 
debate, increasing their accountability, adding 
additional scrutiny and questioning their bias, when 
compared to a geographically constrained process. 

CONCLUSION 

In the Fort York case the public successfully initiated 
a dialogue and forced their issues to be heard, 
increasing their empowerment in relation to 
Arnstein's ladder, and surpassing a conventional 
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process where their view could have been ignored. 
While unsuccessful in changing the process of 
development for the specific condominium, The 
Friends were successful in altering the planning and 
development process for adjacent sites. Without the 
aid of real-time visualization, and those able to pre¬ 
pare and present using such technology, the com¬ 
munity group would not have been able to bring 
uninterested officials and developers to the table. 
Owing to the high stakes involved in many public 
participation processes, those preparing visualiza¬ 
tions must ensure they are accurate and valid, or 
risk the work and issues identified being deemed 
invalid, negating any progress gained. A publicly 
initiated dialogue further increases the scrutiny on 
those preparing and presenting the visualization, 
and necessitates accurate, reliable and valid mod¬ 
els and methods to contribute to the decision mak¬ 
ing process. 
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# DESIGN EXPLORATION USING A SHAPE GRAMMAR 
WITH A GENETIC ALGORITHM 


Orestes Chouchoulas & Alan Day 


Abstract 

Although the idea of linking a shape grammar to a genetic algorithm is not new, this paper proposes a novel way of 
combining these two elements in order to provide a tool that can be used for design exploration. Using a shape gram¬ 
mar for design generation provides a way of creating a range of potential solutions to a design problem which fit with 
the designer's stylistic agenda. A genetic algorithm can then be used to take these designs and develop them into a 
much richer set of solutions which can still be recognised as part of the same family. By setting quantifiable targets for 
design performance, the genetic algorithm can evolve new designs which exhibit the best features of previous genera¬ 
tions. The designer is then presented with a wide range of high scoring solutions and can choose which of these to 
take forward and develop in the conventional manner. The novelty of the proposed approach is in the use of a shape 
code, which describes the steps that the shape grammar has taken to create each design. The genetic algorithm works 
on this shape code by applying crossover and mutation in order to create a range of designs that can be tested. The 
fittest are then selected in order to provide the genetic material for the next generation. A prototype version of such a 
program, called Shape Evolution, has been developed. In order to test Shape Evolution it has been used to design a 
range of apartment buildings which are required to meet certain performance criteria. 

Keywords : Shape Grammar, Evolutionary Design, Genetic Algorithm, Design Exploration 


INTRODUCTION 

Evolutionary systems, and particularly those using 
genetic algorithms at their core, are very powerful 
and versatile. They enable the designer to consid¬ 
er any number of criteria simultaneously without the 
need to define a priori solutions and provide the 
means for optimising designs through an extensive 
examination of alternatives. However, if these tools 
are to infiltrate architectural design studios they 
need to be generic. They also need to produce 
designs that are meaningful to their designers and 
pertinent to each specific design problem. The key 
to providing these features seems to lie with the 
choice of representational system for the designs, 
as well as the way in which each design is described 
when using a genetic algorithm (Woodbury, 1993). 
Shape Evolution addresses this by using a shape 
grammar to generate the initial designs and then 
transfers the outputs to a genetic algorithm for 
design development. The novelty of the approach 
is in the way in which the linkage between the 
shape grammar and the genetic algorithm takes 
place. 

► 26 


SHAPE GRAMMARS 

A shape grammar consists of a vocabulary of 
shapes, a set of shape rules, and an initial shape. 
The rules result in the transformation of a shape, or 
collection of shapes, to a new shape. Applied 
recursively on the initial shape, the rules produce 
designs that are said to belong to a language (Stiny 
and Gips, 1972; Stiny, 1975). 

Shape grammars have, since their inception, 
been used for both analysis and synthesis. In terms 
of analysis, they have been called to serve as 
descriptors of style and have been successful when 
applied analytically to the definition of historical 
styles including Palladian villas (Stiny & Mitchell, 
1978), Wren's City churches (Buelinckx, 1993), 
Frank Lloyd Wright Prairie houses (Koning & 
Eizenberg, 1981), window designs (ROLLO, 1 995), 
Japanese tearooms (Knight, 1981), Mughul gar¬ 
dens (Stiny & Mitchell, 1980) and Hepplewhite 
chairs (Knight, 1994). 

Another stated aim of the shape grammar for¬ 
malism is to provide a mechanism for the creation 
of new design languages. This is achieved by cre¬ 
ating a vocabulary and a set of rules from scratch. 



The use of shape grammars in a generative, rather 
than an analytical capacity is of particular interest 
as a very simple grammar with a limited vocabulary 
and a few rules can create significantly complex 
and unanticipated results. 

GENETIC ALGORITHMS 

Genetic algorithms were developed in the 1 970s 
by John Holland (Holland, 1 975) in an effort to for¬ 
mally understand biological adaptation in nature. 
Much like the organisms they were meant to study, 
genetic algorithms have taken on a life of their own 
and have proven robust in tackling optimisation 
problems and exploring very large search spaces 
(Goldberg, 1 989). This makes them appropriate to 
the solution of design problems when these are rep¬ 
resented as a search through a design space where 
each point in the space is a potential design. The 
main strength of genetic algorithms as problem 
solvers is that they do not require an explicit optimal 
solution generation method, relying instead on a 
generate-and-test procedure. 

COMBINATION OF GENERATION 
AND EVOLUTION 

Shape grammars are good at providing an aes¬ 
thetic and organisational specification for the gen¬ 
eration of forms. Genetic algorithms are robust 
search algorithms that can be used very effectively 
for finding solutions that satisfy a set of defined con¬ 
ditions, such as the quantitative requirements of an 
architectural design. Combining the two produces 
a system where the design space is specified using 
a shape grammar, which is then explored using a 
genetic algorithm. 

The combination of a shape grammar with a 
genetic algorithm has been proposed by others, 
including Gero & Kazakov (1 996), Rosenman & 
Gero (1999) and Loomis (undated). Also, Shea's 
work on shape annealing (Shea & Cagan, 1 997) is 
an example of a similar approach which optimises 
structural design and produces unconventional but 
highly functional solutions. The novelty in the cur¬ 
rent approach lies in way in which the shape gram¬ 


mar is linked to the genetic algorithm, through the 
use of a shape code. 

SHAPE CODE 

In Shape Evolution, the generation process involves 
a chain of shape grammar rule applications start¬ 
ing with an initial shape. The shape grammar is 
defined with a small number of shapes in the 
vocabulary along with a small number of rules. 
Consequently, it is relatively easy to represent the 
generation process for a design as a simple string. 
This describes the sequence in which the shape 
grammar rules were applied. This string, called a 
shape code, has been employed by Koutamanis 
(2000) for the purpose of cataloguing and retriev¬ 
ing designs. 

Using the shape code as the genotype (the 
building blocks that are used by the genetic algo¬ 
rithm) offers three very significant benefits. Firstly, it 
ensures that all the designs created during the evo¬ 
lutionary process are valid in the language. It also 
means that the genetic algorithm's operations on 
the genotype, such as crossover and mutation, alter 
the selection and sequence of shape grammar rules 
used for the generation of a design, which are 
potentially very meaningful alterations. In addition, 
the process of converting the shape code into a 
three-dimensional form is simply a matter of apply¬ 
ing the shape code sequence to the shape gram¬ 
mar, thus producing geometry. The designs can 
then be evaluated with respect to their physical 
attributes. 

INVALID SHAPE CODES 

Using the shape code as the genotype introduces a 
complication. The spatial overlapping of abstract 
shapes is usually not a problem, but when these 
shapes represent physical entities, as happens when 
a shape grammar is used to generate buildings, 
clashes can easily result. Invalid shape codes need 
to be weeded out before they ever make it to the 
evaluation algorithms. Provided that the initial pop¬ 
ulation fed into the genetic algorithm is comprised 
entirely of valid individuals, it is only at crossover 
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and mutation that invalid shape codes can be pro¬ 
duced. A checking stage is therefore required at 
each instance of crossover or mutation. This 
ensures that new elements are only added to areas 
that were previously empty. 

SYSTEM OVERVIEW 

Shape Evolution is a prototype system combining 
shape grammars and genetic algorithms in the way 
described, implemented as a computer program. It 
receives input from the designer and outputs con¬ 
cept design solutions that satisfy a set of require¬ 
ments and form part of the designers language of 
design. Figure 1 shows a general flowchart of the 
system. 

The program starts by receiving user input, 
which includes a definition of the shape grammar 
to be used, as well as goal values for quantifiable 
properties of the design. The genetic algorithm will 
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be using these to assign a score to each design 
according to how close it is to the goal values. 
Further user input includes genetic algorithm vari¬ 
ables such as population size, mutation rate, and 
the end condition, which determines when Shape 
Evolution will terminate its run. This can be satisfied 
either after a certain number of generations or 
when designs with scores better than a user-defined 
threshold value are produced. 

Shape Evolution then proceeds to generate the 
initial population using the shape grammar. Every 
design in the population is then evaluated and has 
a score attached to it. The fittest (highest-scoring) 
members of the population are then selected. 
These provide the genetic material from which the 
next generation is produced. The genotypes of the 
selected parents are paired up randomly and 
crossover is employed to generate two new geno¬ 
types per mating. 

After being mutated probabilistically, these 
genotypes form the new generation of designs. A 
further evaluation and scoring of the new popula¬ 
tion helps determine whether the end conditions 
have been met. If not, the selection-crossover- 
mutation cycle starts again and a new population is 
generated. If the end conditions are satisfied the 
best designs produced are presented to the design¬ 
er and Shape Evolution stops. What happens next 
is up to the designer. Some of the ultimate designs 
might be usable as they are, others might serve as 
inspiration, and others may be entirely useless. 

THE APARTMENT BLOCK PROBLEM 

In order to test the system a simple problem which 
seeks innovative yet functional design concepts for 
a multi-storey apartment block has been investigat¬ 
ed. For the sake of simplicity, the proposed build¬ 
ing consists of a series of similar apartments along 
with the horizontal and vertical circulation spaces 
connecting them. A necessary requirement is that 
all circulation is contiguous and that there is an 
accessible entrance on the ground floor. 

A simple shape grammar producing designs of 
this sort can be constructed with only two shapes in 
its vocabulary: a multi-purpose circulation unit and 
the apartment unit itself. The circulation unit can be 






Fig 2. Example use of the circulation block 



Fig 3. Possible internal layout for the 
apartment unit 


approximated by a 4m x 4m x 4m cube, an enve¬ 
lope that can easily accommodate both vertical 
and horizontal circulation, as seen in Figure 2. 

The apartment unit is a generously sized single 
bedroom apartment at 1 6m x 4m x 4m. A possi¬ 
ble internal layout for the apartment is suggested in 
Figure 3. To allow more flexibility in the arrange¬ 
ment of the apartments, we can accept that the 
large window in the living room can be placed on 
any of the three walls. Also, the entrance to the 
apartment can be moved a few metres along the 
wall without any problems. 

Simplified abstract representations for these 
units will be used, as shown in Figure 4. The circu¬ 
lation block is represented by an open framework 
and the apartment by a grey box, with the darker 
end denoting the location of the living room. 

In order to eliminate the possibility of the 
entrance being surrounded by built form and there¬ 
fore rendered inaccessible, this building will not 
have any ground floor apartments. Consequently, 
the initial shape for this grammar becomes a stack 
of two circulation blocks. 

In order to build upon the initial shape, there 
need to be rules that add shapes to the circulation 
block at the top of the initial stack. Contiguous cir¬ 
culation and accessibility for every apartment can 
be assured at the level of the shape grammar defi¬ 
nition by using the last placed circulation block on 
the left hand side of every rule. Apartment blocks 
can be added to circulation in two different ways 
and a third rule can attach another circulation 
block to an already existing one. This creates a 
chain of circulation spaces which becomes the cir¬ 
culation core of the building. Figure 5 shows these 
three basic rules. 

Explicitly defining the usable transformations of 
these rules produces a total of 22 rules, as seen in 
Figure 6. Rules 1 to 8 are rotations and reflections 
of the first basic rule on the horizontal plane, and 
rules 9 to 1 6 are rotations and reflections of the 
second basic rule. Finally, rules 1 7 to 22 extend 
existing circulation in all six directions. Although all 
these rules are not strictly necessary, as the same 
result could be achieved by adding labels to the first 
two rules, the variations are made explicit so that 
they can be used in the shape code. 

Concept designs for apartment buildings can be 



; Fig 4. The two shapes in the apartment block 
: shape grammar vocabulary 

produced using this shape grammar by starting with 
the initial shape and then applying rules sequen¬ 
tially. An example, showing the generation of a 
simple apartment building is shown in Figure 7. 
Each new stage in the sequence is the result of 
applying the rule designated above each arrow on 
the last placed circulation block. 

Concept designs produced using the shape 
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figl . 

Fig 5 The three basic rules of the apartment block ; 

shape grammar ; 

grammar described above display characteristics 
that can be described quantitatively and can be 
used to define a set of desirable characteristics for 
the optimisation of designs by Shape Evolution. 
Each design can then be scored by comparing its 
measured characteristics with the goal quantities. 
The graphical user-interface developed for 


inputting the goal values in shown in Figure 8. 

The system uses three ways to represent each 
design. The first is the shape code string that 
describes the rule sequence that generated the 
design. This can be translated into a second rep¬ 
resentation, where a three-dimensional array is 
populated with integers that represent different 
kinds of cubic modules (0 represents a void, 1 rep¬ 
resents a circulation block, and each room of the 
apartment is represented by numbers from 2 to 5). 
For the purposes of presenting a design to the user 
in an intelligible format, Shape Evolution converts 
the three-dimensional array into a VRML file which 
can be viewed interactively in an appropriate 
browser, as shown in Figure 9. 

GENERATION OF THE INITIAL 
POPULATION 

The genetic algorithm provides a mechanism to 
search the problem space but a random initial pop¬ 
ulation must be provided. In order to generate this 
population, a user-defined number of random rules 
are selected and applied. As invalid rules are pos¬ 
sible, the initial population generator must be dis¬ 
cerning about how the random rule sequences are 
produced. Instead of trying to resolve this issue by 
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Fig 6. The 22 explicit rules of the apartment block shape grammar 
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Fig 7 Example sequence of generation of an apartment building using the shape code 139215121 1392151 


a knowledge-based system that defines which rules 
are applicable at a particular point in the sequence, 
the generator uses the three-dimensional informa¬ 
tion provided by the array representation to deter¬ 
mine whether a rule application would create an 
invalid design. Adding this checking step ensures 
that all the array positions to be changed had orig¬ 
inally a value of 0, i.e. that the was empty. 

EVALUATION ALGORITHMS 

The next step in the process is to evaluate the per¬ 
formance of designs in the initial population by 
comparing them with the user-provided optimisa¬ 
tion goals. This task can be reduced to teasing 
information about a design's physical attributes 
from the already known data about the design: the 
three-dimensional array and the shape code. From 
these sources it is possible to extract the number of 
apartments, the area and volume of the completed 



Fig 8. Unit interior design examples: Left. Luan 
Truong's design; Middle. Travis Louie's design; Right, 
Liko Dowling's design 


building, along with its height and footprint. It is 
also possible to establish which apartments have 
unobstructed view from the living room and 
whether the stacking of the apartments provides an 
area outside the living room that could be used as 
a balcony. 

The next phase in the genetic algorithm is to 
select, from the evaluated and scored population, 
the parents that will contribute genetic material to 
the next generation. In order to do this Shape 
Evolution implements a simple binary tournament 
selection scheme. The shape codes of the two 
parental genotypes that have been selected are 
bisected at a random position and the halves are 
swapped and rejoined to create the genotypes for 
the offspring. The parental genotypes are paired 
sequentially: the first individual is paired with the 
second, the third with the fourth, and so on. The 
crossover process fills the new population with valid 
individuals that are composed of genetic material 


0 6 6 Q Shape Evolution CD 



O 0 — 0 — ® * o 

Fig 9. A typical apartment block design as viewed in 
a VRML browser 
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Generating off¬ 
spring from two 
parent genotypes 


provided by the parents from the previous genera¬ 
tion. Figure 10 illustrates how two parents are 
paired along with the resulting offspring. 

The initial crossover point may result in invalid 
designs and, if this happens, a second crossover 
point is selected at random. This is repeated until 
either successful crossover is achieved or all possi¬ 
ble crossover points have been tried, at which point 
the parents are returned to the population pool. 


To introduce diversity into the new population 
and allow the exploration of new areas of the prob¬ 
lem space, mutation is applied probabilistically. 
Every bit of every genotype in the population is 
capable of being mutated according to a user- 
defined mutation rate. Mutation actually involves 
changing the value of a particular bit to a random 
rule number from 1 to 22 and the mutation rate can 
be set by the user at any value between 0 and 1. 
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Fig 1 Some of the top designs produced for the tower block test 


Each design that has been developed through 
the application of either crossover or mutation is 
converted into a three-dimensional array in order 
for it to be evaluated. As this process could also 
result in an invalid genotype the validity of each 
resulting genotype is checked to ensure that no 
clashes have occurred. 

SHAPE EVOLUTION OUTPUT 

Once the first new generation has been evaluated, 
its designs are scored, new parents are selected, 
crossover and mutation are applied, and another 
generation of designs is produced. This is repeat¬ 
ed for either a user-defined number of generations 
(the end condition used in the prototype) or until a 
generation is produced with individuals whose 
score exceeds a user-defined threshold value. The 
results of the Shape Evolution run are then present¬ 
ed to the user. For the purposes of analysis, the 
prototype outputs an HTML document that collects 
and displays a significant amount of information 
about the last Shape Evolution run. Part of this 
information is the user-input variables: target values 
and weights for all criteria are presented, as well the 
population size, the number of generations, and 
the length of the genotype, i.e. the number of 
shape grammar rules used in each design. The 
user-defined value for the mutation rate is displayed 
alongside the actual mutation rate over all genera¬ 
tions. The maximum score (a function of the vari¬ 
ous optimisation weights) is also shown. 

A record is kept of all the champion designs. 
Shape Evolution does not produce ultimate, fully 


optimised solutions, so it would be deceptive to 
offer a single design at the end of its run. The pur¬ 
pose of the program is to inspire the designer by 
suggesting good solutions. Offering a number of 
alternatives does this, and also allows the designer 
a choice that can be influenced by criteria that were 
not dealt with by the Shape Evolution process. 

TESTING SHAPE EVOLUTION 

A number of design situations were used to test the 
Shape Evolution prototype with a selection of the 
evaluation parameters. As a basic goal, all designs 
attempted to minimize the number of apartments 
with blocked views. In each test Shape Evolution 
was run fifteen times, using a range of different set¬ 
tings for population size and mutation rate. For the 
purposes of this paper only one of the design situ¬ 
ations will be considered: a tower block where the 
intention was to generate tall and thin buildings. 

This was encoded by setting the goal value for 



Fig 12. A design produced using Shape Evolution 
output as inspiration 
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the building's height to the maximum value, 64 
metres. Both dimensions for the footprint were set to 
24 metres, equivalent to six cubic modules. The 
weights for the height and the two footprint criteria 
were set to 1 and the genotype length was set to 
48, meaning that 48 shape rules were applied to 
the initial shape. A series of runs were carried out 
with mutation rates set at values between 0.005 
and 0.5. 

In general, the building design concepts pro¬ 
duced by the prototype were aligned with the 
design intentions. Furthermore, they presented 
novel solutions within the shape grammar defined 
for this class of designs. In this respect, the tool has 
been entirely successful: the designer has used a 
shape grammar and a set of design criteria as 
inputs and the program has generated a range of 
possible designs, which both meet the criteria and 
are interesting. For the purposes of experimenta¬ 
tion with the Shape Evolution prototype, aspects of 
building functionality such as structural concerns, or 
the vertical continuity of elevator shafts were not 
considered. Still, for the most part, the require¬ 
ments that were encoded were resolved successful¬ 
ly. Furthermore, the results display another positive 
trait, diversity. In most of the runs, the champion 
designs, i.e. the highest-scoring designs of all gen¬ 
erations, were very different. Figure 11 shows some 
of the tower designs produced by Shape Evolution 
and Figure 1 2 shows one of the final designs. 

In many of the test runs the genetic algorithm 
displayed a bias towards the exploration of new 
areas of the search versus the exploitation of high- 
scoring designs already existing in the population. 
This is not a desirable characteristic as it can lead 
to a fall-off in performance and changes to the 
genetic algorithm operators could be implemented 
in order to control this bias. Furthermore, the genet¬ 
ic algorithm performed more efficiently in the test 
cases where the design goals were not contradicto¬ 
ry, as was the case with the tower block. 

CONCLUSIONS 

Having performed tests with the prototype, general 
comments can be made with respect to how Shape 
Evolution has addressed the original requirements. 
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The goal was to produce a method and a tool that 
would be usable, i.e. fast and uncomplicated to its 
intended users, able to suggest functional solutions, 
and inspiring (by suggesting innovative design 
ideas). Also, by using shape grammars to generate 
the initial designs the tool satisfies another stated 
goal, the ability to produce designs consistent with 
the designers stylistic and aesthetic requirements. 

The test runs of Shape Evolution took several 
hours to complete. While the performance of the 
prototype may not be ideal, and a far cry from the 
envisioned real-time system, the reasons for this lie 
in the inefficient genetic algorithm code. The cod¬ 
ing process was result-oriented, only aiming to pro¬ 
duce working code, which inadvertently sacrificed 
efficiency. 

Although this work is not the first to suggest that 
shape grammars and genetic algorithms can be 
linked, it has suggested a novel way in which this 
might be done; by using the shape code as the 
genotype. Shape Evolution allows for the definition 
of a design space by using a shape grammar, and 
only searches for solutions inside this space. This 
offers designers a significant amount of control over 
particular features of generated designs, namely 
the aspects of design that can be attributed to a 
particular style. Using computational power for 
what it can do best, Shape Evolution carries out a 
massively parallel exploration of the design space 
and this can yield high performance solutions. 

Were Shape Evolution fully developed to the 
point where it could be made available to practic¬ 
ing designers, it could provide a powerful tool 
which would allow layouts of various kinds to be 
explored interactively. These could be at any level, 
from furniture layouts in a large open-plan space, 
through three-dimensional layouts of modular 
building components (as illustrated here), to the 
layout of large areas of cities. Its power does not 
lie in its ability to generate a specific solution, but to 
help the designer understand the boundaries of the 
world that he or she is exploring. When designing 
manually one might generate a few solutions and 
then choose the one that performs best. Shape 
Evolution has the ability to generate thousands of 
solutions and, as a result, the designer can learn 
how specific spatial characteristics relate to aspects 
of performance. The designer still has to choose 



which of the various possibilities are worth explor¬ 
ing, but using Shape Evolution means that these 
possibilities are drawn from a much larger pool. 
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Abstract 

Digital design technologies play a significant role in assisting the designer through conceptual architectural design. 
Computer supported design systems can generate various images at the early design phase and can contribute to seek¬ 
ing alternative architectural forms. Currently, different design approaches are being employed in the formation of archi¬ 
tectural products. Examples of architecture that produce unusual forms are often encountered within unique conceptu¬ 
al approaches. The development of new design examples is supported by the digital production of forms, and three- 
dimensional models through varying geometric approaches. In this study, a design approach that uses computer aided 
architectural design to produce architectural forms will be suggested. This approach utilizes principles existing in the 
unique fractal dimension of elements based on a vocabulary relevant to a specific architectural language. By relying 
on the fractal dimension and features of an existing architectural pattern, this generative design approach supports cre¬ 
ativity in the production of new forms. The proposed approach is evaluated as a creative tool in architectural design. 
The subject of architecture; buildings, spaces, surroundings, symbols of that particular society are also the elements of 
a meta-language which creates a fractal geometry based relation. It is possible to analyse this relation through a frac¬ 
tal geometry-based principle. In short, a fractal geometrical generative method is suggested. Also, recently-surfaced dis¬ 
cussions about "Chaos Theory" and its effects on the design process via "Chaos and Self - Similarity" are studied. The 
significance of these different phenomena and disciplines upon architectural design are also studied for developing a 
possible creative tool. 

Keywords : Architectural Design, Computer-Aided Architectural Design, Fractal Geometry, Generative Approach, 
Architectural Languages, Architectural Grammar, Chaos Theory. 


INTRODUCTION 

Contemporary architecture has been affected by 
the concepts of fractals and self-similarity discov¬ 
ered through "Chaos Theory". When examples of 
contemporary architecture are examined in this 
sense, it can be seen that various previously un¬ 
encountered and unfamiliar forms appear, and that 
in the universal sense, there are architectural 
approaches seated on very different facts. Examples 
of contemporary architecture are in fact quite dif¬ 
ferent from the architecture of the recent past. In this 
architecture, forms from Euclidean sources are not 
found and the new designs are formed from "frac¬ 
tals, wave formations and various concepts forming 
the Cosmos" (Jencks, 1997; Cathcart, 2002). 

This idea of Jencks' is completely compatible 
with concepts of pluralism and complexity. Cultural 
pluralism must present different tastes, and different 
ethnic pasts and economic groups still motivate 
architecture. Besides, Alexander Koyre's view that 
"After the Greeks' discovery of the Cosmos, the 
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greatest revolution which exists is the destruction of 
the Cosmos" (Bumin, 1 996) has the quality of sup¬ 
porting this idea which appeared with "Chaos 
Theory", called by Jencks "Cosmic Evolution". 

Fractals lie at the foundation of the self-similari¬ 
ty concept which appears with Chaos. The term 
fractal comes from the Latin 'fractus', which when 
translated into English is taken to mean piece, 
break, broken, fragment, fractional, and disorder. 
B. Mandelbrot put forward the idea of fractal 
geometry in the 1980s, and showed us a com¬ 
pletely different structure to Euclidean Geometry 
(Mandelbrot, 1982). The concepts of uncertainty 
and disorder which appear with Chaos Theory are 
the basic concepts forming fractals. The accuracy 
and rigidity of Euclidean geometry are absent from 
fractals (Table 1). 

In another sense, the basis of creative architec¬ 
tural design models conforms to Chomsky's studies 
in language theory. Just as there are rules for the 
organization of words in language, so are there 
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Table 1 Euclidean and fractal geometry (Adapted from Ozsariyildiz, 1991) 


certain rules related to the organization of elements 
in architectural language (Chomsky, 1965). In the 
context of architecture and geometry, extensive 
research related to shape concepts has been con¬ 
ducted in the past. A design product and architec¬ 
tural elements belonging to an architectural lan¬ 
guage, the syntax, semantics, context and style 
framework which contain the rules used in the for¬ 
mation of products from these elements, are pro¬ 
duced (Schmitt, 1988). 

Parallel to the syntactical and semantic features 
which Chomsky has revealed as existing in lan¬ 
guage, Steadman also examines scientifically in 
two articles the syntax concerned with architectural 
linguistics, the formation of architectural shapes 
and arrangements, and the semantics related to the 
meaning of these arrangements (Steadman, 1983). 

In models used in the generation of architectur¬ 
al designs in a computer environment, these two 
features are modelled from two different approach¬ 
es: 

• Models generating topological and geomet¬ 
ric definitions of design, 

• Models ensuring the compatibility of design 
definitions with performance necessities. 

In the scope of this study, the use of a theoretically 
developed generative approach in the production 
of architectural forms, based on an existing archi¬ 
tectural language, that aims to support creativity, 
has been aimed. In this regard the model generates 


the topological and geometrical definitions of the 
designs. The forms generated can be interpreted as 
an architectural design product by integration with 
the context, the adoption of functional features, and 
the evaluation of performance necessities. 

CONCEPTUAL APPROACHES TO 
USING FRACTALS IN ARCHITECTURAL 
DESIGN 

Fractal concepts displaying a self-similar structure 
are often encountered in the field of architecture. By 
approaching a structure from its mass, right down 
to the smallest components of its internal mecha¬ 
nism, it can be seen that it possesses many self-sim¬ 
ilar details. Gothic architecture is in this sense a 
good example. On examination it can be seen that 
the capital of the column of a Gothic cathedral is a 
miniature copy of the cathedral itself. This is identi¬ 
cal to the way a palaeontologist can deduce the 
entire skeleton of a dinosaur by making use of its 
rear bones. In this way it is possible to estimate the 
whole cathedral from its components. In fact this 
structure, formed from self-similar elements and 
often encountered in the history of architecture, is 
fractal architecture. 

Fractal geometry has recently begun to be used 
with the aim of supporting a new approach in gen¬ 
erative architectural design. Concepts based on 
fractal geometry can be represented in a comput- 
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erised environment by efficient algorithms and are 
used in the formation of surfaces and structures. 

Shape grammars are used nowadays in several 
different ways with regard to supporting creativity 
and with the aim of novel design in generative 
architectural design approaches. Fractal approach¬ 
es, however, as a particular application field of 
shape grammar, are represented in the scope of 
computer-aided design and in a computerised 
environment by generative algorithms. 

In the field of computer-aided architectural 
design, fractals are recognised as a sub-group of 
shape grammars, used as a device to aid form gen¬ 
eration and representation. When compared with 
shape grammar, fractals are a means of aiding 
geometrically characterised design, in which a 
smaller number of rules is used, but with a greater 
repetition of rules and a high property of self-simi¬ 
larity of shape (Schmitt and Chen, 1991). 

In fractal geometry, the basic shape generated is 
repeated by an algorithmic structure, resulting in its 
transformation into a complex structure. This algo¬ 
rithm generates an initial state, and by means of a 
generation rule applied to this initial state, it gener¬ 
ates self-similar shapes (Cagdas, 1 994). 

In the example seen in Figure 1, the initial shape 
is part of a bow. The generation rule applied to the 
initial shape is formed from infinite recurrences and 
produces the fractal perception. Because neither 
meaning nor function has been given to the 
shapes, the formal perception in this example 
shows syntactic and shape characteristics. 

Moreover, fractals display perfection in the defi¬ 
nition of existing patterns. In this way, in the context 
of "Fractal Dimension", it is possible to examine 
these patterns and obtain the syntactic design 
knowledge belonging to them. These patterns may 
be natural patterns as well as architectural patterns. 
This characteristic supports the view of profiting 
from traditional and existing shape models in the 
formation of design concepts by considering archi¬ 
tectural sub-cultures (Abel, 1988). 

Among the people who have seen the potential 
of fractals and fractal geometry as a practical tool 
in architecture, and who have done research in this 
field are Chris Yessios and Peter Eisenman. Yessios 
states that computers could be used as a means of 
generating and discovering architectural forms. 
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| 2002 ) 

Yessios uses fractal geometry, arabesque orna¬ 
ments and the DNA/RNA biological process as a 
fractal generator. In this way Yessios developed 
fractal software which remains faithful to the same 
root with several generators and which can reiter¬ 
ate itself several times (both forwards and back¬ 
wards) (Yessios, 1987). 

M. Ibrahim and Krawczyk, however, with their 
ideas of formation of spatial organisation depen¬ 
dent on fractal geometry, made use of the design 
principles found in J. L. Durand's book "Precis des 
lecons d'architecture". By taking up the "snowflake" 
shape which possesses fractal properties, they reor¬ 
ganised the schemes which depend upon these 
principles. (Ibrahim and Krawczyk, 2000) 

In the scope of the study, by relying on the frac¬ 
tal dimension and features of an existing architec¬ 
tural language, and by the generation of new forms 
which will ensure the continuity of the language, a 
generative approach aiding design has been devel¬ 
oped. This approach, which reflects the topological 
and geometric features of architectural design, 
must be supported with algorithms which, by inte¬ 
grating them with the context, are directed by func¬ 
tional requirements. 

CALCULATING FRACTAL DIMENSION 
AND METHODS OF GENERATING A 
FRACTAL PATTERN 

In order to establish fractal dimension in an existing 
architectural perception, the "Box Counting 
Method" has been used (Bovill, 1 996). This method 
takes into consideration the wealth of detail and the 
repetitions of the perception examined. The fractal 
dimension calculated by the box counting method 
is determined by counting the boxes containing 
lines in which data are found and calculating their 




number in proportion to that of the empty boxes. As 
the size of the grid formed for this purpose decreas¬ 
es, so the number of boxes containing data increas¬ 
es. The full and empty boxes found at the next stage 
are inserted into the following formula 1 and the frac¬ 
tal dimension is obtained. 

D= log (a)-log (b) /log(c)-log(d) 

The fractal dimension obtained by the box counting 
method, while giving clues to the pattern, can also 
be used in the formation of new patterns. In the pat¬ 
tern researched or the new formation envisaged, by 
using the principles of the elements found in a 
known architectural shape dictionary and those of 
fractal theory, the developed generative models can 
be used in the generation of architectural forms 
and in architectural design in a computer environ¬ 
ment. It is expected that the above approach would 
support creativity. 

The new patterns to be formed can be generat¬ 
ed with the "Curdling Method" as possessing fractal 
perception. The Curdling Method is a method 
which Mandelbrot has used in the process of form¬ 
ing a kind of fractal stain. The fractal stain aids the 
separation of points showing common features ora 
group of shapes from each other. The formation of 
fixed star clusters, which appear to be grouped ran¬ 
domly in the star systems of the sky, can be clarified 
with the Curdling Method (Bovill, 1996). 


A GENERATIVE APPROACH BASED ON 
FRACTALS IN ARCHITECTURAL 
DESIGN (CADaFED) 

In this study, by examining design-based geometric 
concepts of structures and examples belonging to 
an existing architectural language, an approach 
based on fractal geometry is suggested which may 
aid the generation of new designs. In this frame¬ 
work, the intention has been to generate arrange¬ 
ments which will pave the way to the definition of 
the basic grammar rules forming an architectural 
pattern, by the analysis of similar design examples, 
and, with the support of these rules obtained, to the 
generation of new designs. It is considered that the 
suggested design may be of support to creativity, in 
the context of searching for form, in the generation 
of new original patterns, by defining the original 
pattern language of the existing environment with 
fractal geometry. In the development of this 
approach, the following stages have been carried 
out: 

• Using the Curdling Method, an algorithm has 
been developed which is formed from a selected 
unit and with the intention of forming different set¬ 
tlement patterns displaying fractal features. 

• A generative algorithm has been developed 
which creates different forms by applying different 
scales to a geometrically-defined initial shape. 

• With the aim of producing data for the appli¬ 
cation of the algorithms developed, an existing 
architectural pattern has been selected. By examin- 
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c: number of boxes on bottom row occurring at next iteration . 
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ing the Fethiye / Kayakoy settlement, its fractal fea¬ 
tures have been established through the box-count¬ 
ing method in its settlement, street and dwelling 
scales. This settlement in Turkey was chosen for its 
characteristic architectural pattern. 

• By means of the fractal dimension of the 
Kayakoy settlement and of a selected street pattern, 
alternative solutions have been produced which will 
ensure the continuity of the pattern in new design 
projects, by applying the typological and fractal 
features of the dwellings to the algorithms devel¬ 
oped. 

The CADaFED (Computational Architectural 
Design approach based on Fractals at the Early 
Design phase) model described above consists of 
five main units: (Figure 2) (Ediz and Qiagdas, 2004) 

• Input unit: (1) topographic data of the existing 
site, (2) fractal dimension of the existing pattern, (3) 
initial shape (A cube has been chosen for this study. 
The dimensions and quantity of cubes can be var¬ 
ied). 

• Shape library unit: varying dwelling forms that 
exist on site. 

• Generation unit: (1) settlements generated by 
the curdling method, (2) forms generated by 
"Archimedes' midpoint displacement method". 

• Settlement output unit. 

• Animation unit: generated by the Direct X 
code. 

In order to apply the suggested approach, the 
fractal dimensions of first of all the settlement, then 
one of the streets of this settlement and finally the 
dwellings in this street possessing a dissimilar plan 
concept have been calculated. The dimensions, 
obtained by means of the box counting method, 
have been interpreted on the settlement, street and 
dwelling levels. As a result of this evaluation, the 
existence of the continuity of the pattern has been 
investigated, and the relationship between dwelling 
and topography has been examined. The values 
obtained with the calculation of fractal dimension 
have been used as data for the new pattern to be 
created. In the generation of the new pattern, the 
fractal dimension obtained from Kayakoy, has been 
used as data in the generative algorithm. 



The calculation of fractal dimensions of settlements in Kayakoy 



Fig 3. Pattern formed by box counting method as a 
result of the fourth stage in the general settlement scale. 


Iteration 

Total 

boxes 

Empty 

boxes 

Full 

boxes 

1. Iteration 

60 

24 

36 

2. Iteration 

240 

120 

120 

3. Iteration 

960 

585 

375 

4. Iteration 

3840 

2681 

1159 


I Table 1 Pattern formed by box counting method as a 
i result of the fourth stage in the general settlement scale. 

Fractal dimensions of the existing settlement 

For the calculation of the fractal dimension of the 
settlement, first of all the plan outlines of the 
dwellings on the site have been drawn; the existing 
street - and wall - patterns, and the contours have 
been shown on the diagram. Consequently, the 
"stains" forming the settlement have been brought 
to light (Figure 3). 

The full and empty boxes obtained after each 
stage are shown in the table below (Table 2). 

When the values obtained are applied to the 
formula mentioned above for calculating fractal 
dimensions, a fractal dimension of 1.627 is found. 
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Fractal dimensions of the street 

From the existing Kayakoy settlement, the fractal 
dimension of which has been calculated, the frac¬ 
tal dimension of a street selected from this area has 
also been calculated. Thus, the continuity of the 
fractal perception in the settlement and street scales 
will have been examined. 

In the selected street, a great majority of the 
types of dwellings forming the Kayakoy settlement 
are found. In the diagram describing the dwelling 
plans, the contours, garden walls of the dwellings 
and all the data constituting the architectural struc¬ 
ture have been taken into consideration. The frac¬ 
tal dimension has been calculated with the box 
counting method. Initially, a 4 X 5 grid system has 
been established to utilize in the first iteration to 
identify the architectural forms of the street patterns; 
followed by a finer grid constituting of multiples of 
2 until no significant changes are observed in the 
fractal dimension. 

The fractal dimension obtained by the above 
operation is found to be one of "1.438", a value 
quite close to that of the general settlement. This 
dimension obtained, shows that the fractal percep¬ 
tion existing on the settlement scale also shows con¬ 
tinuity in the relevant pattern examined on the street 
scale. As a result of this operation, it is possible to 
say that there is a link between the general settle¬ 
ment and the streets. In the analysis of the settle¬ 
ment, the link in question has the quality of provid¬ 
ing evidence of the continuity of the pattern on both 
these scales. 

Fractal dimensions of the dwellings 

At this stage of the study, by examining dwellings in 
different perceptions, the calculation of their indi¬ 
vidual fractal dimensions is dealt with. As such, the 
intention has been to examine how fractal dimen¬ 
sion varies between different types of dwellings. The 
fractal dimensions found for the dwellings in ques¬ 
tion, show variances from 1 to 1.42. An examina¬ 
tion into fractal dimension for five different 
dwellings shows higher fractal values for those 
dwellings with wealth of detail. 

Creating a settlement plan based on fractal 
approach 

The creation of algorithms aimed at generative 


architectural design was begun with the collection 
of plans, which formed an architectural shape 
grammar library. The finding of separate typologi¬ 
cal features of each room in every dwelling and of 
individual units was assisted by the formation of a 
shape dictionary (Sarag, 2001). 

The algorithms developed for the formation of 
generative fractal settlements have been written in 
the "C ++" computer programming language. The 
algorithms developed have been produced by two 
different approaches, with the combination of syn¬ 
tactical and shape characteristics, independent of 
the area selected for the application and faithful to 
the fractal dimension of the area. 

The fundamental characteristic of the algorithm 
to be used is that it is independent of location, and 
permits the design of new forms developed outside 
the context of Kayakoy. The natural environment 
considered in this context deliberately displays a 
level topographical characteristic. In this study, one 
of the dwelling types found in streets in Kayakoy has 
been selected. Thus, by changing the fractal dimen¬ 
sion, the way has been paved for the formation of 
model settlements. In the algorithm formed inde¬ 
pendently of the area, a total of five basic genera¬ 
tive algorithms have been developed. Each of these 
algorithms forms a settlement concept with different 
characteristics. In establishing the imaginary place¬ 
ment of the dwellings, the Curdling Method has 
been used. The distinction of these five algorithms 
from each other is the difference between their 
probability factors. Village (xxx) programs are 
established through three different stages by the 
Curdling Method: (Ediz, 2003) 

Stage 1: At this stage the settlement area is 
divided into a configuration formed from a total 
of 1 6 squares according to a 4x4 grid system. 
Then some of these squares are eliminated at 
random. 

Stage 2: The squares remaining from the first- 
stage elimination are used at this stage. These 
squares are divided into smaller squares, which 
form 2x2 (four-square) grids, and some of these 
are eliminated by the same method used in the 
first stage. 

Stage 3: The squares which were not eliminat¬ 
ed at the previous stage are again divided by 
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House 1, D=1 




House 4, D= 1.29 


House 5, D=1.42 


Fig 4. Fractal dimensions of settlements in an existing pattern 


forming four-square grids; again some of these 
are eliminated. Finally the selected dwelling unit 
is established on the remaining squares (plots). 
The distribution of the settlement formed has a 
structure with a strong fractal value (Figure 4). 

The "xxx" numbers at the end of the name of the 
developed programs shows the elimination ratios of 
that program. For example in Village 232, almost 
one box out of two is eliminated at the first stage. 
At the second stage, two boxes out of three are 
eliminated, and at the last stage, again one box out 
of two remains. By altering these ratios it is possible 
to arrange the distribution of the diversity of the set¬ 
tlements. In this context the distinction between the 
generative algorithms formed is the different elimi¬ 
nation ratios at each of the three stages. At each 
operation of these programs the same fractal char¬ 
acteristic (such as in 232) but a different settlement 
arrangement is encountered. Several variables sup¬ 
porting design (landscape, direction, etc.) can be 
added to the algorithm. 

When a desired settlement concept is attained, 
the operation of the program forming fractal pat¬ 
terns is terminated. Village 232, as a result of the 
above operation, displays only one of the infinite 
settlements obtained (Figure 5). 
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The algorithms formed which are dependent on 
the site, however, have been formed by taking into 
consideration the fractal dimension of the existing 
streets and the topography of Kayakoy (Figure 6). 
The existing pattern of the Kayakoy settlement 
materializes from several different criteria; one of 
which is topography; that is to say, the natural phys¬ 
ical environment. 

The Kayakoy settlement was formed on hills of 
different altitudes facing away from the sea. The 
hills formed the gradients of the topography and 
the streets emerged dependent on this criterion. The 
streets were developed parallel to the slopes and in 
a way which would ensure access to the hills in the 










Fig 6. Example 
of settlement- 
pattern 
generation, 
dependent on 
the area, 
according to 
Curdle 232, 
in an 
artificially- 
inclined 
topography. 


lowest possible gradient. 

In the generative algorithm developed, three 
hills which ensured the formation of the rows of 
streets of Kayakoy were conceived. At the next stage 
three separate dwelling types found in Kayakoy 
were selected for the purpose of this study. The 
selected dwellings, by taking the hills formed as a 
base, formed the new pattern of the streets and the 
settlement in the fractal dimension, which is differ¬ 
ent from the existing layout of Kayakoy (Figure 6). 

Creating form alternatives based on the fractal 
approach 

With the aim of forming architectural forms show¬ 
ing fractal features, various algorithms have been 
developed using the "C ++" computer program¬ 


ming language. Fractal theory was formed by 
means of Archimedes' "Midpoint Displacement 
Method". The developed program, by using the 
"DirectX" (code) for every fractal dimension, creates 
an animation of forms revolving around them¬ 
selves. With the aim of increasing the legibility of 
the alternatives, various colours have been high¬ 
lighted in order to form contrast, light and shade. 
As such, it is possible through the animation to 
observe clearly the emergence of the fractal con¬ 
cept. The developed algorithms, as in the algo¬ 
rithms for the generation of the settlement, possess 
two different concepts, namely dependent on and 
independent of the location. 

The algorithm designed independently of the 
location generates different form alternatives by 
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Table 3. Block design based on fractal dimension 
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j Table 4. Block changes in Dweling 2 

means of a change in the fractal dimension. As an 
initial form in the formation of the settlement, the 
most basic geometric shape, namely the cube, has 
been used. By way of forming 125 groups of these 
cubes, block formations having fractal values from 
1.0 to 1.9 have been created. In Table 3, it can be 
seen that as fractal value increases, the cubes cre¬ 
ate a more complex form, but as fractal value 
decreases, the cube group, by being less broken 
up, creates forms which can be defined by 
Euclidean geometry (Table 3). 

With the aim of applying fractal theory to the 
existing architectural pattern, Dwelling 2, the fractal 
value of which had been observed previously, was 
examined; and by means of changing fractal 
dimension, different alternatives were produced. 
The original spatial concept of Dwelling 2 was 
examined in the context of the forms which would 
appear, by means of changes in fractal value from 
1.0 up to 1.9. At a fractal dimension of 1.0, 
Dwelling 2 preserves its original form effect. As frac¬ 
tal value is increased, so the block activity of the 
dwelling increases (Table 4) (Ediz and Qiagdas, 
2005). 

Algorithms for generative design 

In computational architectural design, form investi¬ 
gations supporting creative thought can be carried 
out by means of generative algorithms. In the scope 
of this study, the algorithm developed for generat¬ 
ing abstract forms presents various alternatives 
depending on different fractal dimensions. For this 
algorithm, form alternatives have been created 
which, by the application of fractal values belong¬ 
ing to an existing architectural pattern, will be able 
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to reflect the continuity of the pattern in fractal con¬ 
cepts. The other algorithm developed here, the 
algorithm aimed at forming the settlement plan, 
has been examined for suggestions aimed at form¬ 
ing stains in the settlement theme, only by relating 
with the topography of the blocks to be generated. 

CONCLUSION 

The fractal geometry and fractal concepts which 
have appeared through Chaos Theory affect con¬ 
temporary architectural understanding in different 
ways. Fractal concepts have come to be used in 
many ways, both consciously and unconsciously, in 
the field of architecture. Spatial configurations, 
which have been represented by constraints or rules 
in the abductive approach, have been represented 
by generative algorithms in the generative 
approach. 

In this study, by relying on the fractal dimension 
of an existing architectural pattern, and at the early 
conceptual design phase, a generative design 
approach has been suggested which can be used 
for supporting creativity in producing new forms. 
However, using the fractal dimensions of elements 
found in a shape library belonging to the relevant 
architectural language, this approach may enable 
the creation of architectural forms which will ensure 
the continuity of the existing pattern. Different form 
alternatives can be generated by changing the frac¬ 
tal dimension. However, it is necessary to apply the 
functional features to the generated forms by relat¬ 
ing them to the context and to develop them as an 
architectural design product by evaluating them 





according to their performance requirements. 

Using digital technologies when searching for 
alternative forms in the conceptual design phase is 
a new approach based on the development of new 
technologies. Using digital media as design media 
gives the designer the opportunity to extend his/her 
imagination and innovations. In further research, by 
placing the three-dimensional form alternatives at 
the settlement model, harmony can be tested with 
the existing architectural language. 

The architectural design process is made up of 
several dimensions different from each other. 
Designing new forms through the use of existing 
architecture is only one of these dimensions. It is 
necessary to introduce functional features to these 
generated abstract forms by associating them with 
the context they are in. Further, the generated forms 
should be developed as architectural design prod¬ 
ucts by taking architectural needs into considera¬ 
tion. 
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Abstract 

After more than four decades of its beginnings, Computer Aided Architectural Design (CAAD) has already reached a 
level of maturity in both the education and the profession. There is an ever-growing amount of literature on the subject; 
however, relatively few studies have taken a systematic approach to analyze CAAD education. Moreover, design insti¬ 
tutions often view CAAD merely as a technical issue ignoring socio-cultural and theoretical aspects. In order to allevi¬ 
ate these problems, this paper presents a structured analysis of CAAD education based on Prof. Necdet Teymur's the¬ 
ory of architectural education. Prof. Teymur claims that the components of architectural education should be studied in 
terms of objectives (why), contents (what), methodology (how) and management (who) along with four different knowl¬ 
edge and disciplinary levels (viewpoints); namely, sociological, ideological, epistemological, and pedagogical. In this 
paper, current issues of CAAD education are addressed within this framework and several proposals are presented. 

Keywords: Computer Aided Architectural Design (CAAD) Education, Architectural Education Theory, Curriculum, 
Design Studio, Integration 


INTRODUCTION 

The impacts of information technologies on infor¬ 
mation-based fields tend to be profound and revo¬ 
lutionary. It was widely recognized that building 
design is an "information processing" activity after 
the pioneering work of Akin (1986). The principal 
requirement of any building design project is eval¬ 
uating and processing information and communi¬ 
cating that information between the parties 
involved. Hence, the utilization of information tech¬ 
nologies in architectural design, widely known as 
Computer Aided Architectural Design (CAAD), has 
the potential for affecting processes and products of 
the discipline as well as its education. There is a 
considerably large -and ever growing- body of lit¬ 
erature on the subject; however, it is observed that 
few studies have used a systematic approach to dis¬ 
cuss CAAD education. In order to alleviate the 
problem, this paper presents a structured analysis 
of CAAD education based on Prof. Necdet Teymur's 
system (1997; 2001) for scrutinizing architectural 
education. 

Teymur (2001) recognizes that architectural 
education has been handled as a "practice without 
theory." In order to elevate architectural education 
debates from the level of mere experience to that of 
structured, systematic and critical analysis, he rec- 
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ommends "problematization." When architectural 
education is defined as a "problem," it inevitably 
calls for theory. Teymur argues that such theories 
can not be directly borrowed from education disci¬ 
pline not only due to the lack of interest in profes¬ 
sional education in that discipline, but also due to 
the peculiarities of architectural education. Aiming 
at a reconciliation of several concerns, he suggests 
that analyses of architectural education can be 
organized within the framework of four basic ques¬ 
tions: objectives and motivations (why), contents 
(what), methodology and medium (how) and man¬ 
agement and staff (who) and different knowledge 
and disciplinary perspectives; namely, sociological, 
ideological, epistemological, and pedagogical 
(Teymur, 1997; 2001). His theory is based on a 
simple set of concepts and questions that already 
exist in educational studies piecemeal (Lawton et 
al., 1978; Salama, 2006), however, as a whole it 
represents a unique and validated approach. The 
International Union of Architects (UIA) adopted 
Teymuhs system as a framework for discussing 
issues related to architectural education (UIA, 
2002). It was also applied in implementation of 
web-based design studios (Sagun etal., 2001). 

The present study utilizes the theory as a tool to 
raise questions about the several aspects of CAAD 
education. Given the large body of the literature on 



the subject and the diversity of educational 
approaches to CAAD, providing a structured analy¬ 
sis of the current topics of CAAD education is a dif¬ 
ficult endeavour. Therefore, only the most important 
considerations could be discussed under each title. 
Predictions about the future of CAAD education 
and suggestions for further research are also made 
in this paper. 

OBJECTIVES AND MOTIVATIONS 

The first step of analyzing CAAD education is to 
understand "why" it is important. We believe that the 
increasing importance of CAAD is largely due to 
the new possibilities and modes of design thinking 
that it brought to architectural design. Earlier con¬ 
ception of the use of computers in design was the 
vision of a tool which "assists" existing design 
processes (Mitchell, 1994). During the 1980s, 
computers have been increasingly used fordrafting 
purposes, a design activity which is now almost 
completely computerized in architectural offices. If 
the role of computer in architectural design 
remained merely as a drafting tool, its effect on 
architectural education would not be much different 
than that of pencils and drawing papers. However, 
beginning from the 1 990s, developments in CAAD 
opened up new perspectives and challenged exist¬ 
ing processes. Due to new visualization software, 
forms once were difficult to imagine became easy 
to produce and the "virtual" established as a legiti¬ 
mate architectural object. The next important 
change was the implementation of network tech¬ 
nologies which gave rise to CSCW (Computer 
Supported Collaborative Work) and e-commerce. 
CSCW enabled collaboration of geographically 
distributed design professionals and formation of 
"virtual teams" (Tasli, 1999: 28-33). All of these 
events have affected traditional architectural design 
practices, although the impact was less far-reach¬ 
ing compared to large industries such as aerospace 
and automotive. The reason for this is probably the 
peculiar characteristics of the building industry. The 
building industry is more fragmented, project-spe¬ 
cific and culturally diverse compared to the other 
industries (Pektas and Pultar, 2006). These factors 
hindered transformation of conventional practices 


in some extent, however, the incremental change is 
still in progress. 

Architectural education has also been a part of 
these developments and has devised its own means 
of approaching CAAD. During the last decade, 
computing has been included in the curriculum of 
almost every architectural school. Many researches 
are being done on the subject and the debate on 
CAAD education proliferates through conferences 
of organizations such as ECAADE (Education and 
Research in Computer Aided Architectural Design 
in Europe), ACADIA (Association for Computer 
Aided Design in Architecture) and CAADRIA 
(Association for Computer Aided Architectural 
Design Research in Asia). Due to the developments 
briefly summarized above, CAAD education 
deserves further inquiry. In the following sections of 
this paper, several aspects of different approaches 
to CAAD education are discussed according to the 
proposed framework. 

CONTENTS 

A key topic for CAAD education is the content. 
"What" should be taught as CAAD, the theories, the 
methods, or the skills? Is CAAD an essential part of 
architectural thinking or just another skill that can 
be sought for competitiveness in the job market? 
Two opposite ends can be defined with respect to 
this question. Some view CAAD simply as a skill 
(Novitski, 1 999) and others advocate that CAAD 
teaching should be related to the theories of archi¬ 
tecture and/or should develop its own "digital 
design theory" (Oxman, 2006). Because of the 
wide diversity of the approaches to CAAD, catego¬ 
rizing the domain of digital design is a difficult task 
and of course, many interesting approaches are 
somewhere in between. 

The conception of CAAD as a skill has been 
promoted mostly by practitioners and pragmatists 
due to the fact that CAAD has already become a 
driving force for architectural market. In a recent 
survey, practicing Turkish architects were asked to 
identify the factors that have been most influential in 
architectural practice within the last ten years. 
Following the developments in construction materi¬ 
als, computer technologies ranked second in a 
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Fig 1 3D modelling tools enable students to experiment with complex forms. "EMERGE" Participant for the 
international design competition entitled Designboom Social Awareness Award 2006, with the subject 
"Shelter in a Cart" for urban homeless. The figure shows a pneumatic structure with elastic material providing 
the user with a flexible shelter, not only for sitting and resting but also for sleeping, while the membrane finally 
covers the whole human body. (Designers: O. Ozkaya and O. Uludamar, Tutor: T. Sonkan) 


number of factors. Moreover, the factors ranked 
third and fourth in the survey were also related to 
computers; namely, Internet and communication 
technologies and CAD technology (YEM, 2006). 
Under the demanding market conditions, architects 
seek for competence in the production of digital 
renderings, animations and construction docu¬ 
ments while employing new graduates. Due to 
these developments and to the massive increase in 
architecture graduates, manual drafters with no 
architectural education have disappeared in recent 
years. They have been replaced by CAAD opera¬ 
tors probably about half of whom are qualified 
architects (Stevens, 1997). Regarding these issues, 
schools are forced to shape the content of their 
CAAD curriculum to provide necessary skills and a 
competitive advantage for their graduates. 

On the other hand, digital design is increasing¬ 
ly being conceived as a new form of design rather 
than merely conventional design conducted 
through digital media. The Non-Standard 
Architectures Exhibition at the Pompidou Centre in 
Paris (Migayrou and Mennan, 2003), catalyzed the 
emergence of the concept of non-standard and 
non-repetitive design as an antithesis of formal 
"complexity and contradiction" of post-modern 
architecture. Mitchell (2005) argues that the 
emerging architecture of the digital era is charac¬ 
terized by high levels of complexity which enables 
more sensitive and diverse response to the require¬ 


ments of contextual aspects such as site, program 
and expressive intention than was generally possi¬ 
ble within the framework of industrial modernism. 
The concept of a "non-standard" architecture, with 
its performative qualities, differentiation and 
dynamic evolution, have had profound effects on 
the contents of CAAD courses. An all-encompass¬ 
ing discussion of this paradigm is beyond the scope 
of this paper, but we may prospect that this argu¬ 
ment will continue to inspire new theoretical con¬ 
tent. 

Considering the contents of individual CAAD 
courses, it seems that there is no limit. Computing, 
for modelling, simulation or communication, can 
be integrated with numerous topics. A CAAD 
course can focus on teaching how to use a specif¬ 
ic computer program, or basics of digital design 
can be taught. Nowadays, students begin to archi¬ 
tectural education with significant computer experi¬ 
ence (Pektas and Demirbas, 2007). Office pro¬ 
grams, e-mail and Internet have already become 
common knowledge and the need for computer lit¬ 
eracy courses have diminished. Thus, this type of 
information can be offered only to the needed and 
CAAD education can cover more sophisticated 
issues. Oxman (2006) discusses that as digital 
media become more complex and more demand¬ 
ing with respect to knowledge of multiple types of 
applications, a new generation of digital design 
specialists is emerging. She coins the term "digerati" 


► 48 






Fig 2. Web-based design studio as a rehearsal of professional collaboration between architects and interior 
designers. Snapshots from the communication in a virtual design studio conducted by Bilkent University, 
Turkey and Technical University of Delft, Netherlands during the Fall semester, 2004 (Moderator: F Karakaya) 


or digital literati corresponding to these new 
advanced digital systems designers. In order to 
educate "digerati," we suggest that since it is impos¬ 
sible -and also not necessary - to teach every CAAD 
package in the courses, only the core concepts 
should be introduced to students. Instead of bur¬ 
dening them with a mass of commands, students 
should be taught how to learn. The main aim of 
CAAD education in the digital age should be 
enabling students to understand the relevance of 
computing to their design process and to utilize it 
properly. 

METHODOLOGY AND MEDIUM 

Another important consideration about CAAD edu¬ 
cation is "how" it is delivered. In general, there are 
two main methods to teach CAAD in architectural 
schools: separate courses and the studio. There are 
also many hybrid applications and experimental 
practices. The studio is the main medium for the 
acquisition of design knowledge in architectural 
education. Therefore, it is assumed that it is the 
core and the other courses are complementary 
(Teymur, 1992: 34). Although some approaches 
claim that there is no need for CAAD courses since 
CAAD education should be a part of the design stu¬ 
dio (Kalisperis and Pehlivanidou, 1 998), separate 
CAAD courses are still the primary method of inte¬ 
grating computing in architectural curriculum. This 
situation is mostly due to the difficulties of fully dig¬ 


ital studios. Their costs are high and studio instruc¬ 
tors have to devote considerable time and energy 
to the subject. Furthermore, problems arise on what 
should be the weight of computer technology in the 
studio and whether or not it is feasible pedagogi- 
cally. Moreover, when computers are introduced to 
the studio without initial CAAD training, inexperi¬ 
enced students tend to focus on technical difficulties 
rather than design concepts and they may be limit¬ 
ed by their computer skills. Thus, it seems appro¬ 
priate that basics of digital design should be initial¬ 
ly taught in separate courses. After the initiation, the 
design studios should reinforce this training (Marx, 
2000 ). 

Separate CAAD courses may suffer from crowd¬ 
ed classes and a limited time frame which often 
make it difficult to cover a great deal of informa¬ 
tion. Furthermore, since students often learn CAAD 
techniques passively in preliminary courses, they 
may become unapt at applying these techniques in 
new situations (Tasli, 2001a). In order to overcome 
these difficulties, we argue that CAAD education 
should be project-centric. Integrating CAAD with 
design projects enable students to explore the tools 
in the context in which they tend to be used. 
Moreover, in this way, computing is seen by the stu¬ 
dents as a part of the design process. Students are 
also more motivated to learn, because they are 
eager to produce a good project. Integration of 
CAAD and the design studio may not need to be 
revolutionary but small changes in educational pro¬ 
grams, e.g. introduction of short design exercises 
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that simultaneously develop both computing and 
design skills and knowledge, may facilitate for 
learning-by-doing. 

Besides studios and separate CAAD courses, 
there is another category of courses which utilize 
the Internet and network technologies to realize col¬ 
laborative design learning. The courses in this 
group have different names in the literature such as 
Web-based studio, virtual design studio, and on¬ 
line studio. Within their great variability, the only 
common feature of the different web-supported stu¬ 
dios is that some of the participants are remotely 
located from others. There are many motivations 
underlying such courses. First of all, they expose 
students to foreign environments and ideas of wider 
scope than is possible in traditional studios. They 
also help to teach collaborative work, facilitate for 
distance education, and promote peer learning. Al- 
Qawasmi (2006) discusses that influences of virtu¬ 
al design studios have been so profound since early 
1 990s that they have totally transformed traditional 
studio culture and pedagogy which had largely 
remained unchanged until that period. 

An important ingredient of CAAD education is 
the software utilized. Commercial software used in 
CAAD teaching can be grouped into two: drafting- 
oriented software such as AutoCAD, ArchiCAD, 
CATIA, etc. and visualization-oriented software 
such as 3D Studio MAX, FormZ, Maya, Rhino, etc. 
Drafting-oriented software is widely used both in 
education and practice. Despite the developments 
in 3D modelling, 2D drawing still maintains its 
importance in CAAD education. In a recent survey 
of CAD instructors (Garcia et al., 2005), 2D draw¬ 
ing was considered as the most important aspect of 
CAD followed by dimensioning and layers, 3D 
modelling ranked fourth. 

There is no doubt that 3D modelling and visual¬ 
ization software opened up new frontiers in stu¬ 
dents' imagination. Taking Gehry and Eisenman as 
their role-models, student designers are enthusias¬ 
tic about experimenting with numerous complex 
forms within a limited time frame. The educational 
implications of these developments, however, 
should be carefully considered. On the one hand, 
increased number of design alternatives and the 
vision of a "non-standard" architecture are often 
viewed positively. On the other hand, it is observed 


that novice students fascinated by the representa¬ 
tional capability of the tool are likely to ignore con¬ 
structional and functional requirements of buildings 
in their projects. There is a growing amount of 
design instructors who complain about visually 
appealing but unbuildable student projects 
(Balfour, 2001). 

Conventional CAAD software has already been 
integrated with architectural curricula, and it seems 
that the next step is parametric 3D modelling. 
Designing directly in 3D with intelligent objects has 
long been a dream of CAAD researchers (Tasli, 
1999: 31-32). The elements in this type of model¬ 
ling are "intelligent" in the sense that a wall is not 
merely two parallel lines but it "knows" that it is an 
architectural element which provides enclosure, 
bears loads and consists of openings for doors and 
windows. The 3D model becomes the source of all 
2D drawings; sections and elevations can be auto¬ 
matically produced. Object-oriented programming 
enabled realization of these ideas in a great extent 
and toward the end of the 1 990s most commercial 
CAD programs such as AutoCAD Architectural 
Desktop and AutoCAD Revit offered parametric 3D 
modelling (Autodesk, 2006). Some proponents of 
3D modelling claimed that this technology will 
cause a revolutionary change in design processes 
of architects and classical plan-elevation-section 
will become obsolete (Novitski, 1998). However, 
this has not happened in reality not only due to the 
fact that changes in customary processes are diffi¬ 
cult and incremental but also that those represen¬ 
tations are insightful and useful abstractions of 
design ideas (Johnson, 2002). It seems that the new 
instance of 3D models have been embraced by 
architects not as a substitute of the conventional 
drawings but as a means to produce them consis¬ 
tently and efficiently. Whereas, in the educational 
practice, computer models are still viewed in tradi¬ 
tional modelling terms as non-parametric, non- 
mutantable, static objects rather than object-orient¬ 
ed, dynamically simulated, virtual objects. 
Fortunately, developments in parametric 3D model¬ 
ling software seem promising in order to overcome 
this problem (Tasli, 2001 b). 
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STAFF AND MANAGEMENT 

Another important question regarding CAAD edu¬ 
cation is: "who" should be responsible for teaching 
CAAD? A decade ago, there was a lack of quali¬ 
fied full-time CAAD instructors in architectural 
schools. In 1 997, a worldwide survey revealed that 
55% of CAAD instructors were part-time (Qaqish 
and Hanna, 1997). Moreover, the studies consis¬ 
tently reported a tension between traditional and 
digital tools in the studios (Hanna and Barber, 
2001). Due to the growing interest of academics 
in CAAD, a young generation of CAAD instructors 
who are both educators and researchers has 
emerged in the last decade, however, the reluc¬ 
tance in the studios seem to be persisted (Pektas 
and Erkip, 2006). Possible reasons for this reluc¬ 
tance are lack of proficiency of the instructors in 
computers (Erkip et al., 1 997), focusing only on the 
"conceptual" phase of architectural design process 
and seeing the existing CAAD tools as merely draft¬ 
ing rather than design tools (Hanna and Barber, 
2001), fearing that supporting CAAD in design 
education will lead to the loss of hand drawing skills 
in time (Shu, 2000), conservatism and caricaturiz- 
ing the people who specialize in computers as 
"nerds" (Tweed, 2001). On the other hand, some 
instructors may be disinclined to use computers in 
education, since they perceive some shortcomings 
of the existing CAAD tools such as providing insuf¬ 
ficient support at early design stages (Pektas and 
Erkip, 2006). 

Integrating CAAD with design teaching necessi¬ 
tates collaboration of the faculty. Studio instructors, 
not necessarily being experts on the subject, should 
understand the potentials and limitations of the dig¬ 
ital media. Team teaching may facilitate for this pur¬ 
pose. In this method, either a faculty member 
teaches both a CAAD class and a design studio at 
the same year level, or if this is not possible, CAAD 
instructors can contribute to studio critics just like 
environmental performance and construction tutors 
do. Both of these necessitate their being competent 
both in CAAD and design and devoting consider¬ 
able effort to the task. Parallel exercises are anoth¬ 
er approach to integrate CAAD courses with the 
studio. The course sequence is an important con¬ 
sideration in that respect; introducing different lev¬ 


els of computing in the curriculum in step with the 
overall level of education may provide satisfactory 
results (Tasli, 2001a). 

ISSUES REGARDING DIFFERENT 
KNOWLEDGE LEVELS 

In order to present a systematic perspective to 
CAAD education, its different aspects should also 
be analyzed in sociological, ideological, epistemo¬ 
logical and pedagogical levels. Sociological level 
corresponds to sociological definition of architec¬ 
tural education, its problems and contents. 
Although it has been known that individual differ¬ 
ences of learners such as computer attitudes, learn¬ 
ing styles/preferences, personality type and gender 
are influential in determining the success of efforts 
to integrate technology with education, most of the 
studies on CAAD (as well as the design institutions 
themselves) have focused merely on the technical 
aspects. Socio-cultural and behavioural issues of 
CAAD education have often been ignored (Pektas 
and Erkip, 2006). Hence, we believe that architec¬ 
tural education is urgently in need of researches on 
such aspects of CAAD. 

Ideological level consists of relationships 
between architectural profession and its education. 
Architectural education, contributing to the repro¬ 
duction of architectural labour force, is profession- 
oriented unlike discipline-oriented science educa¬ 
tion (Teymur, 1 994). Then, it is not surprising that 
there have always been disagreements between the 
practicing architects and the academia on the con¬ 
tent and the methods of education. The different 
value systems of both parties manifest themselves in 
their approaches to CAAD teaching as well. 
Practitioners sometimes express disappointment 
about how students are trained for the profession 
and force schools to enhance their CAAD teaching 
(Novitski, 1999). While architectural practice tends 
to use CAAD in conventional terms, mostly for effi¬ 
ciency in production; in schools, approaches to 
CAAD span a wide range between hesitations 
toward utilization to advance uses of computers for 
augmenting architectural imagination. Unlike most 
architectural offices depend only on computerized 
drafting after the preliminary design stage; these 
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two media tend to exist simultaneously in the 
schools. 

Epistemological level is related to content and 
utilization of knowledge and its interdisciplinary 
aspects. Three main potentials of CAAD in this 
respect may be addressed, namely, systematization, 
different representations of design knowledge and 
collaboration (Tasli, 2001a). Architectural practice 
is often conducted through normative processes 
and intuition. Similarly, in architectural education, 
an architect is often portrayed as a "black box" that 
produces designs mysteriously. However, in order to 
work with a computer one has to be clear about the 
task, be it a process or a geometrical description. 
This may enable students to be aware of the steps 
or the procedures followed to complete a design. 
The possibility of different representations of design 
knowledge -in the form of visualizations, simula¬ 
tions, rules, or case studies- is another potential of 
CAAD in epistemological level. In the studio tradi¬ 
tion, a studio instructor plays the role of the master 
who demonstrates how to design by a kind of think¬ 
ing by doing which Schon called "reflection-in- 
action." (1985). In this practice, students' perfor¬ 
mance criteria for design are often based on the 
approval from the master. However, computers 
allow several representations of performance crite¬ 
ria (lighting, acoustics, structural strength, etc.) as 
well as the four-dimensional experience of building 
aesthetics, which can be easily accessed, or direct¬ 
ly attached to the building model. In this way, stu¬ 
dents' own creativity can be more effectively merged 
with the theories of the discipline. Finally, establish¬ 
ing ways of sharing in design education promotes 
students' understanding of how different values exist 
simultaneously. 

Pedagogical level involves learning theories, 
techniques and course design. Some of the peda¬ 
gogical aspects of CAAD education are discussed 
in the previous sections. However, like its socio-cul- 
tural aspects, pedagogical aspects of CAAD are 
also rarely discussed in the literature. It seems that 
the rapid implementation of computers in design 
curricula has caught schools unprepared to devel¬ 
op new pedagogical methods adapted for a digital 
practice. Hence, systematic approaches and exper¬ 
imental research on the curriculum design and 
teaching methods are much needed. 
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CONCLUSION 

In this paper, a framework for addressing most of 
the important aspects of CAAD education based on 
Teymuhs system is suggested. Throughout the 
paper, it is emphasized that after many years of 
experimenting, computerized practices are no 
longer admired only for the sake of the tool, but 
their relevance to architecture education is ques¬ 
tioned. Relations between digital design and archi¬ 
tectural design theories, or prospective contents of 
a "digital design theory" are interesting inquiries 
toward a theoretical discourse of digital design. As 
educators and researchers, we may be inspired by 
this new agenda. 

In schools, computers and visualization software 
are creating interesting opportunities for design 
experimentation. However, it is increasingly 
observed that, such experimentation is not well- 
connected to building real-life projects. Parametric 
3D modelling and dynamic simulation in virtual 
environments enable students to evaluate future 
performances of designs and developments in this 
area seem promising for bridging the gap between 
the fantasies of digital world and the materiality of 
the real-life. As costs of such systems decrease and 
their compatibility with modelling software increase, 
more educators will be able to utilize them and we 
may have a better understanding of how to teach 
students to design digitally. 

CAAD education research has already estab¬ 
lished with its own knowledge base and research 
methods. However, most of the studies on the sub¬ 
ject have traditionally focused on technical/empiri¬ 
cal aspects of CAAD education (such as develop¬ 
ment of new tools and description of experimental 
CAAD courses). There are also relatively few theo¬ 
retical studies basically dealing with the analysis 
and formal modelling of design processes and cog¬ 
nitive activities of designing such as the works of 
Cross (2000) and Lawson (1997). All of these 
approaches are valuable and produced significant 
results, but, the framework used in this paper 
revealed that the wide context of CAAD education 
has not been systematically analyzed, understood 
and exploited yet. Hence, we suggest that CAAD 
education community should focus more on the 
socio-cultural and pedagogical aspects of CAAD to 



better respond to the demands of the profession 
and the society at large. We hope that the frame¬ 
work proposed in this paper will facilitate for further 
studies. 
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VIRTUALIZATION OF ARCHITECTURAL DESIGN 
EDUCATION IN THE ARAB REGION: Potential and 
Cultural Implications 


Jamal Al-Qawasmi 


Abstract 

The influence of digital media and information technology on architectural design education and practice is increas¬ 
ingly evident. There has been an astonishing shift in the way architecture is being taught and produced. Networked vir¬ 
tual design environments such as the virtual design studio (VDS) have been introduced in many architectural schools 
as new ways of teaching and learning design. Applying virtual design education in developing countries such as the 
Arab states brings with it various opportunities and challenges. As a new phenomenon, little research has been done 
to study the cultural implications of the new virtual design environments (VDE). This paper examines the new paradigm 
of teaching and learning design virtually and the possible cultural implications of its implementation in developing coun¬ 
tries such as the Arab world. 

Keywords : Virtual Design Education, Virtual Design Studio, Virtualization of Education, Architectural Education. 


1. INTRODUCTION 

Ever-advancing digital technologies have greatly 
changed the way architecture is being taught and 
produced. Over the last decade or so, virtual col¬ 
laboration environments have become very popu¬ 
lar in academia and the profession. Virtual learning 
environments such as the virtual design studio 
(VDS) have been introduced in many architectural 
schools worldwide to prepare students for future 
distributed working environments. Using communi¬ 
cation and collaboration tools, a virtual design 
environment (VDE) allows geographically dispersed 
students and instructors to interact, form teams, 
conduct virtual reviews, and participate in design 
critique via desktop computers. 

Implementing virtual design education in devel¬ 
oping countries, such as the Arab region, brings 
with it various opportunities and challenges. 
Previous research revealed a need to examine the 
new learning environment and its appropriateness 
for implementation in the developing countries 
(Strojan and Mullins 2002). This paper examines 
the potential of implementing virtual design educa¬ 
tion in the Arab region and its cultural implications. 


2. VIRTUAL DESIGN EDUCATION 

Recent advances in computer networks and com¬ 
munication have enabled multiple designers to col¬ 
laborate using a virtual design environment (VDE). 
A VDE is a computer-mediated environment that 
enables students and designers to interact and 
design via their computers. The users' location 
becomes irrelevant because the virtual design stu¬ 
dio is an electronically distributed workplace, and 
users enter this virtual place by connecting to the 
Internet. 

Over the last decade or so, a number of archi¬ 
tectural schools in the United States, Europe, and 
Asia have taken advantage of the unique capabili¬ 
ties of the Internet to conduct what has been called 
the virtual design studio (VDS). Virtual design stu¬ 
dios can range from simply using e-mail for project 
communication to a collaborative VDE. In these 
studios, students from geographically separated 
educational institutions work together using VDE as 
if they were part of one design studio. In these 
experimental VDSs, individual communication and 
collaboration technologies were assembled and 
customized to provide an integrated VDE. These 
collaboration technologies can be broadly classi¬ 
fied into two groups: asynchronous tools and syn- 
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chronous tools. 

Asynchronous tools are computer-mediated 
environments that enable participants to interact 
and share information asynchronously by storing 
and retrieving data from a shared location. These 
tools include File Transfer Protocol (FTP), e-mail, 
shared databases, discussion forums, and the 
World Wide Web (WWW). These tools enable stu¬ 
dents and instructors to publish, retrieve, and 
exchange graphics, images, textual comments and 
attachments of sketches and drawings. As such they 
support asynchronous reflections, group discus¬ 
sions and brainstorming, and the exchange of ideas 
and representations. 

Synchronous tools are computer-mediated envi¬ 
ronments that allow a geographically dispersed 
group of users to interact simultaneously through 
their desktop workstations. These include tools such 
as text-based chat, digital whiteboard, audio and 
video conference, and application sharing. These 
tools allow users to engage in live interaction using 
communication channels while simultaneously 
working on a shared 3D model or a raster image. 

A special version of the virtual design studio was 
based on compressed videoconferencing technolo¬ 
gies (Vasquez de Velasco, 1997, 1998). In the 
Mex-Tex VDS (1996-1998), a variety of videocon¬ 
ferencing technologies were used in addition to 
Internet-based technologies. These technologies 
included Electronic White-Board, where partici¬ 
pants can interact in real-time over the same draw¬ 
ing making use of a bitmap editor; Electronic 
Project Presentations, where a computer window is 
transmitted to remote parties; Smart-Boarding, 
where the image transmitted is a room view show¬ 
ing the student standing in front of a large-format 
presentation program; or Video Feedback, where 
the image of a student presenting a project is pro¬ 
jected in one-to-one scale at the remote location. 

In a recent VDS initiative, an immersed virtual 
reality environment was used as a VDE. In VeDS 
2001 (Virtual Environment Design Studio) conduct¬ 
ed between the University of Hong Kong (HKU) and 
Bauhaus University at Weimar (BUW), the partici¬ 
pants used Kaiser Proview HMD, with other Internet- 
based communication tools (Schnabel et. al. 
2001). The designer wore a virtual reality headset 
and designed by gesturing while holding a mag- 
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netically- tracked stylus. The gestures were convert¬ 
ed by VRAM (Virtual Reality Architectural Modeler) 
software into 3D forms. 

In many respects the virtual design studio exper¬ 
iments are breaking new ground in the teaching of 
architecture. However, reports on the last decade's 
VDSs, as presented in the proceedings of associa¬ 
tions such as ACADIA, eCAADe, and CAADRIA, 
pointed out that limited bandwidth and other limi¬ 
tations of current collaboration technology have 
negatively impacted design knowledge delivery 
(Cheng et al. 1994, Wojtowicz 1995, Tan & Teh 
1995, Kolarevic et al. 1998, Dave & Danahy 
1998, Donath ET. AL. 1999). Heavily used net¬ 
works may result in slow or jerky interactive digital 
models, or in the loss of audio or video signals, or 
when things go bad, both (Al-Qawasmi, 1 999). As 
a new phenomenon, little research has been done 
to study the new distributed teaching environments 
and how they affect design education and design 
process. 

3. IMPLEMENTING VIRTUAL DESIGN 
EDUCATION IN THE ARAB WORLD: 
PROSPECTS AND CULTURAL 
IMPLICATIONS 

In order to catch up with architectural schools in 
developed countries, architectural schools in devel¬ 
oping countries are working hard to build up their 
information technology skills and equipment. Even 
though the application and use of information tech¬ 
nology in architectural education in Arab states has 
been underutilized, over the past few years there 
has been tremendous growth in the use of informa¬ 
tion technology. Many architectural schools in the 
Arab world, for instance, have adopted computers 
in architectural education and integrated them in 
their curriculum. Almost all architectural schools 
have introduced computers and CAAD courses in 
their curriculum. Some schools went further and 
have integrated digital media in certain design stu¬ 
dios in the form of a paperless studio or e-studio 
(Al-Qawasmi 2005). Some schools, such as 
Jordan University of Science and Technology, King 
Fahd University for Petroleum and Minerals 
(KFUPM), and King Abdel Aziz University (KAAU), 



have, completely or partially, replaced traditional 
drawing boards with tables for computers. Other 
schools, such as KFUPM and University of United 
Arab Emirates (UAEU), have introduced advanced 
technologies such as virtual reality in teaching and 
learning design. Thus, digital media seem to have 
become integral parts of architectural education 
and professional practice in the region. 
Unfortunately, after more than a decade of con¬ 
ducting virtual design studios, architectural schools 
in the region did not consider yet the new virtual 
learning environments or utilize them in architectur¬ 
al education and practice. One reason for this phe¬ 
nomenon is associating networked design studios 
with globalized flows of information and culture that 
are thought to fragment people's ties with the "local" 
and promote hybridity and transcultural forms. 

Teaching and learning design virtually is based 
on the heavy use of telecomputing and network 
technologies, the very technologies that facilitate 
globalization. As such virtual design education is 
often seen as a double-edged tool that brings 
opportunities and challenges, advantages and dis¬ 
advantages. How to capitalize on advantages and 
avoid disadvantages in the tidal wave of globaliza¬ 
tion depends on formulating proper policies and 
strategies. On the basis of previous experiences in 
conducting VDS, there is a need to develop and 
implement an appropriate model of virtual design 
education that can maximize opportunities and 
minimize challenges for developing countries 
(Strojan & Mullins 2002). Virtual design education 
needs to be carefully analyzed and considered, but 
as a new environment for education it is as vital to 
developing countries as it is to developed countries. 
Below I will discuss the possible cultural implication 
of implementing virtual design education across the 
Arab states. 

3.1. REGIONAL COLLABORATION VS. 
GLOBAL DESIGN CULTURE 

Contemporary architectural education and practice 
in the Arab region is dominated by a global culture 
of design. Most, if not all, architectural schools in 
the region are based on Western architectural edu¬ 
cation models. Architecture textbooks and profes¬ 


sional magazines are of Western origin. 
International architectural styles and trends are dis¬ 
tributed all over the region and the world through 
international magazines, the Internet, and other 
media. A look at modern architectural products in 
the region illuminates the diasporic hybridity of 
architectural forms that echoes the dominant 
design culture. The global culture of design and the 
mobility of transcultural forms introduce new dias¬ 
poric associations, identifications, and resistances 
and incite new appeals and desires while at the 
same time commodifying and sustaining the domi¬ 
nant Western/Anglo culture. 

In contrast to this flow of global design culture - 
at both the pedagogical and professional levels - 
there is an absence of pan-Arab architectural dia¬ 
logue, which has resulted in a complete ignorance 
of cultural and educational traditions of the region. 
Students, instructors and professionals in Jordan or 
Saudi Arabia, for example, know very little about 
local practices and architectural heritages of other 
Arab countries such as Tunisia or Lebanon. In an 
era dominated by global design culture, regional 
connectivity and collaboration on the architectural 
level must be strengthened even further. Otherwise 
the hegemonic globalization culture will prevail and 
the people of the region will have less and less con¬ 
trol of the sociopolitical space they inhibit. 

Kenneth Frampton (1996, p. 471) argues that 
promoting regional architecture "depends, by defi¬ 
nition, on a connection between the political con¬ 
sciousness of a society and the profession." While it 
is difficult to achieve connection among various 
communities in the traditional model of architectur¬ 
al design education, virtual design education can 
enable translocal interactions and connections 
across the Arab region. For example, it can open 
architectural schools to other architectural schools 
nationally and regionally. It can be used as a tool 
for regional collaboration between architectural 
schools or to form multidisciplinary teams from stu¬ 
dents in different departments such as architecture, 
planning, landscape architecture, and construction. 

Forming virtual teams of architecture and urban 
planning students to work on an urban conserva¬ 
tion project, for example, may have several advan¬ 
tages, not least of which are enhanced learning 
about regional experiences in urban conservation 
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and introducing students to new forms of practicing 
urban conservation. A regional VDS can also pro¬ 
vide students with continuous access to distributed 
digital libraries of modern and historical buildings 
from the region. Furthermore, experts can also be 
virtually brought into the studio to provide special¬ 
ized information and consultations. In this way, vir¬ 
tual learning environments will provide opportuni¬ 
ties to exchange regional experiences and build 
partnerships among concerned individuals and 
institutions: students, instructors, professionals, and 
academic and professional institutions. As such, vir¬ 
tual learning environments can be instrumental in 
promoting and infusing both national architectural 
identities and regional identifications and associa¬ 
tions. Promoting and strengthening regional com¬ 
munication and cooperation opens up possibilities 
to build indigenous capacity that helps reduce Arab 
countries' dependence on the architectural knowl¬ 
edge and services of the developed world and help 
them apply new technologies to solving complex 
local problems. 

From another perspective, one may argue that 
architecture is a cultural phenomenon and, as 
such, should be understood within its cultural and 
social context. Exposing students to regional built 
environments, ideas, and practices enhances their 
understanding of regional architecture. To achieve 
such cultural interchange, many international archi¬ 
tectural schools have invested heavily in study 
abroad and other off-campus programs to expose 
students to foreign environments (Vasquez de 
Velasco 1 998). Virtual learning environments can 
support and augment the current practices of such 
programs in several ways. For instance, students 
can conduct virtual contacts with other regional 
(sub)cultures instead of moving physically there. 
This minimizes the logistics needed for physical 
mobility and thus may increase the number of par¬ 
ticipants in these programs. Previous research 
pointed out that virtual contact with other cultures is 
a powerful resource for exposing students to other 
cultures and practices and for providing a multicul¬ 
tural dimension to undergraduate programs 
(Vasquez de Velasco 1998). This research also 
showed that virtual contact promotes real contact 
rather than discourages it. 

The above scenarios and others show how the 


appropriate implementation of virtual learning 
environments that span geographic regions can be, 
as argued by Castells (1 997), instrumental in devel¬ 
oping and strengthen countertrends and regional 
resistance against globalization forces and culture 
of compliance. 

3.2. VIRTUAL LOCALITIES VS. 
DELOCALIZATION 

Networking technologies such as the Internet are 
perceived prominently as technologies of delocal¬ 
ization. They are associated with globalized flows of 
information and culture that promote universal val¬ 
ues and contribute to the blurring of national 
boundaries. Here, I argue that networked tech¬ 
nologies, if used appropriately, can promote local¬ 
ity by strengthening ties with the "local". 

Virtual design education has the potential to 
make the various stakeholders in architecture edu¬ 
cation and practice more local, in the sense that 
they are rooted in their problems, in their commu¬ 
nities, and in their identities. For example, virtual 
design education has the ability to engage the out¬ 
side world in the educational process, and thus 
open architectural education to societies and to the 
real world. In contrast to hypothetical architectural 
projects being used in traditional design education, 
the virtual design studio can link design education 
to a real world with budget, clients, resources, and 
material. Instructors can, for instance, propose 
design projects with real sites and real clients. 
Students can use synchronous and asynchronous 
collaboration tools to contact and interact with the 
client from their studio or wherever they may be. 
Actual projects in the region can be used as case 
studies to demonstrate different building traditions 
and building types. From this perspective, the virtu¬ 
al design environments encourage associations 
and connections that span geographic regions, but 
are grounded in concrete places, practices and 
material relations. 

Furthermore, virtual design education can also 
open architectural schools to local and remote 
communities. Architectural schools can establish a 
virtual studio to serve as a center for community- 
based projects. The virtual studio minimizes the 
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efforts and logistics needed to work on community- 
based projects. In such a studio, students can work 
and interact with multidisciplinary teams that may 
include community members, planners, city gov¬ 
ernments, conservation specialists, and other enti¬ 
ties involved in design and construction. In this con¬ 
text, a virtual studio will enable architectural schools 
to shape distinct educational agendas particular to 
their local environments as well as to remote 
regional environments. The VDS, thus, has the 
potential to make us more local, in the sense that 
students, instructors, and educational institutions 
are rooted in their problems, in their communities, 
in their groups, and in their identities. 

The above mentioned scenarios and others 
show how locality can be promoted not only 
through physical contacts and geographically root¬ 
ed places but also though virtual contacts and "vir¬ 
tual localities". Engagement through a VDE can be 
seen as an interactive and communicative process 
that produces and condenses associations across 
the region. These virtual affiliations/associations 
represent a new form of locality that can be called 
"virtual localities". Thus, the flows of electronic infor¬ 
mation that are thought to fragment our ties to the 
local seem to promote new local/regional associa¬ 
tions. 

3.3. CULTURAL EXCHANGE VS. 
CULTURAL HYBRIDITY 

Castells (1997) argues that cross-cultural networks 
do more than facilitating collaboration, sharing of 
information, and virtual organization of activities. 
According to Castells these networks "are actual 
producers, and distributors, of cultural codes". 
Contemporary cultural theoreticians point out that 
the cultural exchange occurring during the collab¬ 
oration between different cultures provides fertile 
ground for human discourse. Such statement is true 
only when we talk about a balanced cultural 
exchange. In the absence of balanced and fair cul¬ 
tural relations, the exchange of cultural codes 
across a networked virtual design system may result 
in the opposite; that is, domination of global values 
and practices on the cost of local practices. For 
example, the cultural exchange in a virtual design 


studio conducted between the US and a develop¬ 
ing country may result in cultural challenges for stu¬ 
dents located in the developing country. Under such 
unbalanced cultural exchange the weak culture is 
vulnerable to be transformed into a hybrid culture 
or what Bhabha calls the "third space of enuncia¬ 
tion" (Bhabha 1 994, p. 37), a space where aspira¬ 
tions to fully acknowledge national culture can 
never be realized. 

Cultural hybridity theory recognizes that all cul¬ 
tural relations are ambivalent, subversive, trans¬ 
gressive, and hybrid. According to Bhabha (1990) 
the notion of hybridity is not intended to demarcate 
a new and entirely of-itself identity or cultural form. 
In Bhabha's view (1990, p. 211) the hybrid is a 
state that does not conform to one thing or anoth¬ 
er; it is rendered an "other" from both cultures. 
Cultural hybridity, thus, does "not comprise of two 
original moments from which the third emerges", 
but gestures toward an ambivalent "third space" of 
cultural production and reproduction. 

A look at contemporary architectural products in 
the region illustrates the diasporic hybridity of archi¬ 
tectural forms. Such hybrid architecture is a reflec¬ 
tion of the absence of balance and equality in con¬ 
temporary architectural and cultural exchange. 
Although the manifestation of internationalization 
and globalization is very strong in academia and 
the profession, however, according to Stuart Hall 
(1990), the effects of diasporic hybridity are not 
final or inevitable but can be turned around to 
make for new forms of resistance and contestation. 
In the architectural domain, this turnaround can be 
achieved through proactive actions, among which 
are providing a wider network of translocal and 
transregional interconnections that enable connec¬ 
tivity and openness to local and regional (subcul¬ 
tures. 

In contrast, conducting a pan Arab virtual 
design studio (PA-VDS) provides a two-way cultural 
exchange that results in cultural benefits in terms of 
richness and diversity. Architectural and cultural 
heritage of the Arab region represent a multifaceted 
culture. Establishing VDS between Arab architec¬ 
tural schools will provide opportunities for balanced 
cultural exchange and translocal interactions, and 
thus provide a restoration to the norm. 
Furthermore, as producer and transmitter of cultur- 
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al codes between combatable (sub)cultures, a PA- 
VDS will be instrumental in developing and 
strengthening regional movements of social and 
cultural resistance such as that proposed by Kennth 
Frampton. According to Frampton (1996, p. 471) 
"those recent regional 'schools' whose primary aim 
has been to represent and serve, in a critical sense, 
the limited constituencies in which they are ground¬ 
ed" are important tools in promoting critical region¬ 
alism. He states that those schools tend to promote 
"an anti-centrist sentiment - an aspiration at least to 
some form of cultural, economic and political inde¬ 
pendence". 

3.4. VIRTUAL DESIGN EDUCATION 
AND THE MAKING OF 
ARCHITECTURAL IDENTITY 

The search for a national identity has always been 
a crucial, yet difficult, endeavor for all nations. For 
mutlicultural nations such as the Arab nation the 
effort is even more so. It is argued that dealing with 
national architectural identity in the twenty-first cen¬ 
tury will be more complex than ever before. Manuel 
Castells (1997) pointed out that the networked 
societies are witnessing a powerful surge in search¬ 
ing for and expressions of collective identity. 
According to Castells "In a world of global flows of 
wealth, power, and images, the search for identity - 
collective or individual, ascribed or constructed - 
becomes the fundamental source of social mean¬ 
ing." 

The dynamisms of identity making have 
changed via the emergence of the information soci¬ 
ety. Unfortunately, in the architectural domain, the 
architectural identity discourse is still a retrospective 
one. The tendency is toward analyzing architectural 
identity and describing or characterizing its histori¬ 
cal roots, elements, etc. The mechanisms, tools, 
actors, and media involved in the process are rarely 
considered. More rigorous research is needed to 
examine possible cultural implications of a virtual 
learning environment such as the VDS, and how it 
may affect the making of architectural identity. 
However, it will be a beneficial exercise to reflect 
here upon how networked virtual design education 
may affect different types of architectural identity. 
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The section below will examine how architectural 
identity is produced, transformed and transmitted 
through virtual design environments. Particularly, it 
focuses on how new virtual learning environments 
affect the making of architectural identity. 

Natural identity. It may be difficult to define a 
natural architectural identity. However, one can 
refer here to two relevant notions: the "spirit of the 
times" used by the modernist and the "spirit of the 
place" used by the postmodernist. The spirit of the 
times concept refers to the fact that architecture 
should respond to the available sciences, technolo¬ 
gies, manufacturing means, and economic consid¬ 
erations of a particular time. The spirit of place con¬ 
cept refers to the fact that architecture should 
respond to the geographical and climatic consider¬ 
ations of the site and the cultural values of a par¬ 
ticular society. To reflect a natural identity, architec¬ 
ture should respond to both notions: spirit of the 
times and/or the spirit of the place. 

Implementing virtual design education in the 
Arab region provides opportunities to promote nat¬ 
ural architectural identity through democratization 
of design education, openness to local and remote 
communities and openness to regional (subcul¬ 
tures and their practices and traditions. I would 
argue that among the preconditions for promoting 
natural regional architectural identity is an efficient 
forward-looking education system. Nobody con¬ 
tests the notion that promoting a national or region¬ 
al architectural identity begins with attitudes, skills 
and commitments first learned and encountered in 
professional school. 

Constructed identity. Contemporary cultural 
theoreticians point out that cultural identity has 
often been constructed by various cultural, social, 
and political institutions. When those institutions 
impose their political and social preferences, the 
result is a constructed architectural identity. From a 
postmodern perspective, buildings and architectur¬ 
al identities are mere constructions of discourses 
and practices. Castells (1997, p. 7) pointed out 
that "from a sociological perspective, all identities 
are constructed". Michel Foucault (1972, 1988) 
has discussed the discontinuity in history. According 
to Foucault, the history of knowledge is a construc¬ 
tion dominated by social and cultural institutions. 
Similar to history, tradition, or language, buildings 



and cities and their architectural identity are also 
constructions. For example, a look at the recent 
past of the region - the Ottoman period - shows 
how the political institutions of most modern Arab 
national states offset or ignore this history. It is not 
that it does not exist; it has been censored. 

Forced identify. A forced architectural identity 
usually is driven by market opportunities, business 
agendas, and pure economic concerns. Forced 
architectural identity sponsors include, among oth¬ 
ers, governmental agencies and insensitive devel¬ 
opers that fail to consider people's social and cul¬ 
tural values. 

Implementing pan-Arab virtual design educa¬ 
tion opens up possibilities to enhance the identifi¬ 
cations of local and regional architectural identities. 
It also can create opportunities to counteract and 
deconstruct all illegitimate forms of architecture and 
offset the absence of the natural identity resulted 
from imposing constructed and forced identities. 

Global identity. Global architectural identity 
reflects a common information-age culture. It is the 
result of the globalization of cultural values, uniform 
architectural styles, and stereotypical patterns of 
space and form. It is a kind of internationalized, 
innovative architecture transcending local conven¬ 
tions and constraints. Global architectural identity 
places a premium on systematization, flexibility, 
interchangeability, and new technologies and 
materials. It is expected that implementing a pan- 
Arab virtual design education will provide a mech¬ 
anism to mobilize the various architectural institu¬ 
tions in the region and extend more power to them 
and communities in formulating and defining local 
and regional culture. This will thus promote local¬ 
ism and regionalism as a reaction to uniform archi¬ 
tectural styles and globalization of cultural values. 

3.5. ISSUES OF ACCULTURATION AND 
REPRESENTATION 

Acculturation (or enculturation) is the process 
whereby a specific cultural group teaches an indi¬ 
vidual by repetition its accepted norms and values. 
It is the process by which individuals acquire the 
knowledge, skills, habits, attitudes, and values that 
enable them to become functioning members of 


the group. Thus, it seems appropriate to examine 
the social and cultural implications for 
teaching/learning in a virtual design environment, 
a critical issue for developing countries, such as 
Arab states. Here we will analyze two issues: 1) the 
ability of a VDE to capture and communicate cul¬ 
tural aspects of architecture, and 2) VDE as a locus 
of acculturation. 

3.5.1. Representing and Communicating Cultural 
Meanings 

Architecture has been commonly acknowledged as 
a physical entity and a multifaceted cultural phe¬ 
nomenon. It is often argued that associations, 
underlying meanings and other nonphysical 
aspects of a building are as important as its physi¬ 
cal aspects, if not more. Although there are several 
positions concerning the issue of meaning in archi¬ 
tecture, there is an agreement that "any artifact or 
environment carries a number of meanings simul¬ 
taneously" (Lang 1987, p. 95). In other words, 
architecture communicates a varied set of mean¬ 
ings, regardless of the original intentions of the 
designer. 

It is often argued that digital media tend to cre¬ 
ate and compile value-free elements and thus are 
unable to communicate cultural and symbolic 
meanings (Piotrowski 1998; Al-Qawasmi 2005). 
The argument is that CAAD systems and digital 
technology as used in various VDEs, transform 
buildings into elements of global exchange and, in 
this way, support commodification and globaliza¬ 
tion of architectural products and values, and thus 
hinder the communication of local traditions. 

The above criticism is a valid one. However, it 
should be emphasized that this criticism is not lim¬ 
ited to digital media only, but applies to all other 
forms of representation. As architecture has and 
communicates a variety of meanings, one cannot 
argue that representation alone can capture and 
communicate all these meanings. Visual images 
and representation do not provide clear-cut identi¬ 
ty and identification. From a deconstruction per¬ 
spective visual representations and readings are an 
effect of standpoint, belief and value, and support 
multiple and often contradictory understandings. 
Furthermore, research points out that the value sys¬ 
tem and the past experience of the observer inter- 
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rupts and interacts with his perception to give new 
meanings (Lang 1987). In this way, it is expected 
that a terrain of meanings and identities will arise 
from a building representation, regardless of the 
original intentions. Therefore digital technology 
used in the various VDEs cannot objectively com¬ 
municate the range of meanings associated with 
architecture or its significance for communities. 
Multiple and contradicting understandings of these 
images/representations are expected. 

However, I would argue that, compared to other 
poor, unidirectional and single channel media 
available on the Internet, media richness of a virtu¬ 
al environment such as the VDS improves its ability 
to communicate meanings associated with specific 
place or architecture. Beside the visual representa¬ 
tion, Internet-based VDSs contain other channels 
such as audio, text-based chat, video telepresence, 
and interactivity which enable VDS participants to 
provide local interpretations of images and their 
significance for communities. 

3.5.2. Acculturation through VDE 

In a virtual design environment, digital media are 
the main tools for learning and practicing design. 
A major question to raise here is what are the social 
and cultural implications for architectural education 
and the profession as digital media become the 
main tools of design. 

As new generations of design students spend 
more time practicing digital design and participat¬ 
ing in digital environments for communication and 
education, it is unknown as yet, what their aesthet¬ 
ic demands will be. Previous research indicated that 
digital media tend to influence students' aesthetic 
values and their perception of the built environment 
and to alter the way in which they envision and 
describe architecture (Al-Qawasmi 2005). This 
research pointed out that students who use digital 
media in their design tend to produce generic forms 
that transcend local conventions and constraints. 
This research also pointed out that digital media 
has a tendency to offset the content in favor of the 
image, that is, glossy digital images stand-in for 
reality and "good" image becomes "good" architec¬ 
ture. Thus, it seems that using VDEs not only pro¬ 
mote new aesthetic values, but also affect and 
change the qualities of the architectural product 
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and how we perceive and describe the built envi¬ 
ronment. 

Although it is necessary for developing countries 
as the Arab states to prepare their students for a fast 
moving digital culture and to teach them how to 
respond to various issues raised by the information 
society, they should be aware of the paradoxical 
and inevitable cultural outcomes of their deploy¬ 
ment in architectural education and practice. More 
research is needed to examine how digital media 
influence students' aesthetic values, design atti¬ 
tudes, and perception of the built environment. 

4. CONCLUSION 

After more than a decade conducting networked 
virtual design studios, it is clear that such learning 
environments are not a future possibility but a pre¬ 
sent day reality whose growth potential is virtually 
unlimited. In light of previous experiences in con¬ 
ducting VDSs, there is a need to develop and 
implement appropriate virtual design education 
across the Arab region. Information technology 
tools and virtual learning environments bring 
opportunities and challenges for developing coun¬ 
tries, and thus should be carefully examined. This 
thesis argued that implementing virtual design edu¬ 
cation in the Arab world may have numerous 
advantages such as openness to regional (subcul¬ 
tures and their architectural traditions; promoting 
national identities and regional identifications and 
associations; and promoting localism and region¬ 
alism as a reaction to uniform architectural styles 
and globalization of cultural values. More research 
is needed to examine the new virtual learning envi¬ 
ronments and the possible cultural implications of 
their implementations in developing countries. 
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DIGITAL MEDIA INSTRUCTION IN ARCHITECTURE 
EDUCATION 
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Abstract 

The aim of this paper is to provide a structured collection of case studies organized around the core discussion of how 
to address the subject of digital media in schools of design in general and architecture in particular. By means of these 
case studies it will be possible to understand the trajectory that we have followed in the Department of Architecture at 
Texas A&M University, having as main goal the incorporation of digital media instruction in design curricula and to 
assess whether our instructional methods and strategies are in tune with our present understanding of the role of digi¬ 
tal media in design. The case studies have been organized following three main contextual themes, namely: shaping 
our understanding of the role of digital media in design, incorporating digital media in the design studio, and adapt¬ 
ing to the availability of new technology. The paper includes the identification of critical issues, among them: polariza¬ 
tion between traditional and digital media, solutions for continuous learning and update, and pervasive accessibility of 
digital means. The paper states conclusions and identifies the opportunities and challenges that we foresee in the near 
future based on the implementation of multidisciplinary integration and the development of multimodal and media- rich 
design environments. 

Keywords: Digital Media Instruction, Design Studios, Design Education, Multimodal and Media-Rich Integration, BIM. 


1. DOING, LEARNING AND 
RE-DOING: THE UNCHARTED AND 
DYNAMIC NATURE OF THE DOMAIN 

Texas A&M University is home to the largest College 
of Architecture of its kind in the United States. At the 
same time, this is a school of Architecture that has 
taken an early interest in the application of com¬ 
puter technology in the teaching and practice of 
design. As several institutions that took an early 
interest on architectural computing and defined the 
historical mainstreams (Mover, Schlif 1 983; Mitchell, 
1 984), we have extensively experimented on similar 
and alternative strategies for the introduction of dig¬ 
ital media into our curriculum. We have created a 
curriculum for digital design media that has depart¬ 
ed from simply mimicking the teaching of analogue 
media and has moved towards identifying the dif¬ 
ferent roles of computing in the production of doc¬ 
umentation, as a medium for design, and for col¬ 
laboration among design partners. Nevertheless, 
we do not claim to have full understanding of the 
potential of the domain and continue to experiment 
on how to address our rapidly changing instruc¬ 
tional needs. In such an experimental instructional 


environment we find that constant analysis, evalua¬ 
tion, and feedback are very useful and the global 
dissemination of relevant case studies is of critical 
importance. 

2. CASE STUDIES 

These case studies have been organized following 
three main contextual themes, namely: shaping our 
understanding of the role of digital media in 
design, incorporating digital media in the design 
studio, and adapting to the availability of new tech¬ 
nology. 

2.1. Learning as we go: shaping our 
understanding of the role of digital 
media in design 

When we design, we produce cognitive inferences 
that build complex problem-solving and decision¬ 
making structures. In architecture these complex 
structures take the form of mental images of build¬ 
ings. We do this with great skill and speed, but as 
the complexity of such structures starts to exceed 
our capacity to see them clearly with the eyes of our 
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minds, we feel the need to download these mental 
images into external media that will make them fac¬ 
tual and the subject of communication with our 
own intellect and the intellect of others (Schon, 
1983; Goel 1995). Traditional and digital design 
media support can facilitate this process in different 
ways. How we use digital media in design depends 
largely on our level of exposure to technology and 
its availability in the environment where we first 
learn to design. The following case study illustrates 
how we have addressed the training of digital 
media and promoted its integration into the design 
process. 

Computer literacy (The ENDS270 / ENDS170 case 
study) 

Fifteen years ago, we concentrated on teaching 
how to create software routines that would aid and 
enable the design of architecture. In that framework 
it was very important to convey to the students the 
notion of the computational processes that eventu¬ 
ally lead to the solution of well-defined problems in 
design. Later, with the gradual availability of gener¬ 
al-purpose off-the-shelf programs the attention was 
switched over to the more pragmatic aspects of 
learning how to make design representations with 
computers. At first our objectives were ill-stated as 
the "teaching of software programming" or the 
"teaching of software" instead of the ideal objective 
of "teaching to design using software". Following a 
period of time in which CAD was an elective sub¬ 
ject, the one required CAD course of our curricu¬ 
lum was set in the sophomore year of the under¬ 
graduate program for the teaching of "Computer 
Techniques for Building Design and Analysis" 
(ENDS270). At that time we taught the history and 
theory of computational design, and also gave soft¬ 
ware demonstrations that were followed by small 
creative exercises with whatever software was avail¬ 


able (in our case first in a UNIX platform and later 
in a PC platform). Less than a decade ago this 
course evolved and now is being taught earlier in 
the freshman year as "Computer Techniques for 
Design Visualization" (ENDS170). In this class, the 
students are introduced to computer methods for 
vector editing, image editing, modeling, rendering, 
animation, and web publishing. With so many tech¬ 
niques to teach, other issues regarding history and 
underlying principles of computing are being 
addressed more superficially. In addition to teach¬ 
ing how to use each technique at a time, we focus 
mainly on showing how tools can work together. 
Usually in the final project, the students make use 
of a series of applications emphasizing the porta¬ 
bility of data, demonstrating interoperability 
between applications, and showing a product that 
is the result of several iterations among different 
computer techniques. 

In the context of this first case study, several cur¬ 
ricular issues demand our constant attention, 
among them: 

• The issue of "when" the students should learn 
to use digital media. This issue tends be get 
polarized on the question of doing so before or 
after mastering the use of traditional media. 
Our experience is that the order in which the 
students learn to use media is irrelevant as long 
as it is early in their exposure and development 
of design methods. In our case, half of our stu¬ 
dents take traditional media in their first semes¬ 
ter and the other half is simultaneously exposed 
to the use of digital media. In operative terms 
this arrangement also allows us to reduce the 
number of students we need to serve simulta¬ 
neously with formal computer classroom infra¬ 
structure. 

• The issue of "what" should we teach in the 
curricula of digital media. This issue gets cen- 





tered in the discussion about limitations in the 
amount of content that can be delivered in a 
single required course. The subject of digital 
media for design is broad and deep in content. 
There is so much to teach and so little time. 
Unfortunately, curricular constraints have not 
allowed us, and most schools of architecture, to 
promote a larger number of required courses 
on digital media. The fundamental answer to 
the question of "what" to teach tends to be 
found in the intersection of what we "can" and 
what we "must" teach. Our experience is that 
faculty who can and does teach design studios 
at the same time that teach CAD courses have 
the ability to negotiate this question with much 
more effectiveness than exclusive CAD instruc¬ 
tors or design professors. 

• The issue of "how" to teach and learn the use 
of digital media. This issue is in particular prob¬ 
lematic given the fact that freshman classes 
exhibit great diversity in levels of expertise. A 
survey implemented at the freshman level 
showed that most of the students are coming 
better prepared with prior practical experience 
in computing. These skills are mainly related to 
text processing, web searches, and e-mail. Few 
students have no prior computer experience but 
there is also a small group of very well-pre¬ 
pared students who already know most of the 
basic techniques related to digital design 
media. Our experience has guided us to pro¬ 
vide instruction at an average level of expertise 
but this necessarily means that we need also to 
provide additional out-of-class assistance to the 
most needy students and additional instruction¬ 
al challenges to the more advanced students. 
We don't think this is an effective way of 
addressing this issue. 

2.2. Digital media in the design 
studio: incorporating digital media in 
the design studio 

The incorporation of digital media into the design 
studios is of relevance in this study because it allows 
us to understand what needs to be taught in design 
media courses (pre-requisites) and how two learn¬ 
ing curves (design and media) impact the cognitive 
load of students (Vasquez de Velasco & Clayton, 


1998). Three case studies illustrate the gradual 
incorporation of digital media in design studios: the 
electronic design studio, the virtual design studio, 
and the fabrication design studio. 

Electronic Design Studios (The EDS / DDS case 
study) 

When the design studios migrated for the first time 
into a centralized computer lab, we coined the term 
"Electronic Design Studio" (EDS). This brief experi¬ 
mental implementation took place no more than 
13 years ago with 34 Silicon Graphics Indigo (SGI) 
machines running Alias Sonata, a 3-D modeling 
program with parametrically defined components. 
The EDS served mainly the graduate and senior 
undergraduate students who were trained in the use 
of the program at the same time that they learned 
how to solve design tasks. The elevated costs on 
hardware maintenance and the lack of acceptance 
of the software in the profession led to the rapid 
transformation of the EDS into centralized CAD ate¬ 
liers where PC's and commercially available soft¬ 
ware platforms (i.e. Autodesk products) were avail¬ 
able. These "Digital Design Studios" (DDS) that run 
in parallel to traditional media based studios, 
aimed to integrate design with computing. The DDS 
imposed a radical change in the design studio cul¬ 
ture. It had a positive effect due to the quick visual¬ 
ization of projects that allowed for the fast assess¬ 
ment and speedy evolution of even the largest pro¬ 
jects in a short period of time. In some cases, the 
students made use of innovative graphic techniques 
for generating unusual and imaginative imagery 
mainly during the conceptual stages of the design. 
However, the EDS first and the DDS later also neg¬ 
atively affected some faculty who manifested diffi¬ 
culties in adapting traditional methods for teaching 
design through the production of representations 
with the "new media". Sometimes the students' com¬ 
puter skills far surpassed those of their mentors and 
that also brought some uneasiness among faculty. 
Nowadays we are still getting over the initial years 
of EDS and DDS development manifested through 
digital media-exuberance. In this period the perva¬ 
sive use and misuse of image editing techniques 
(too many image layers!) and digital rendering in 
absolute replacement of traditional technical draw¬ 
ings and hand-made analytical perspectives 
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brought some bitter criticism. For a brief period, our 
EDS was exclusively "paperless". Instructors and stu¬ 
dents implemented experimental methods for 
design exploration and communication that relied 
solely on the digital media. While design products 
of this period are not necessarily the measure of the 
validity of this approach, we have harnessed spe¬ 
cific knowledge on the limitations and opportunities 
of digital design processes. We no longer struggle 
with validating the contribution of digital media to 
design education and the profession against the 
once prevailing notion that using traditional media 
is the only way to be creative. The digital media has 
become so widely available and pervasive in the 
curricula that most of the studios, graduate and 
undergraduate, make use of digital and traditional 
media in many different creative ways: what we 
promote now is the opportunistic integration of tra¬ 
ditional and digital methods for process, communi¬ 
cation, and presentation. 

Virtual Design Studios (The Tex-Mex and Las 
Americas case studies) 

Following the trend of collaborative virtual design 
studios of the early 1 990's (Wojtowicz, Davidson, 
and Mitchell, 1 992) we implemented our first ver¬ 
sion of virtual design studios as a spin-off develop¬ 


ment of digital design studios and videoconferenc¬ 
ing facilities. This studio, known as the "Tex-Mex 
Virtual Design Studio", run between 1996 and 
1998, and articulated Mexican and American stu¬ 
dents (Vasquez de Velasco, Jimenez 1997). The 
collaboration between students in Texas A&M 
University and La Salle University in Mexico City was 
a semester-long. The WWW became the virtual stu¬ 
dio medium (web sites, e-mail, ftp, telnet, white¬ 
board). The video-conferencing was the technolog¬ 
ical means that allowed for face-to-face communi¬ 
cation between participants and the accomplish¬ 
ment of very high levels of project development. 

Given the success of our first virtual design stu¬ 
dios and again under the initiative of Texas A&M, a 
second version of virtual design studios was imple¬ 
mented in 1999. The "Las Americas Virtual Design 
Studio" (Vasquez de Velasco, 1 999) has included 
throughout the years the participation of an aver¬ 
age of 14 schools of architecture from Latin 
America. Despite the sheer size of the implementa¬ 
tion, the studio dynamic remains the same with 
active participation and collaboration between 
international and virtual students and reviewers. For 
some time, the communication based on video- 
conferencing was limited (possible only with 
Mexican and Chilean partners), and relied more on 






























web site and e-mail communications. Lately, video 
web cast through Internet 2 is a common practice 
among partners. The virtual sessions include pre¬ 
sentations followed by reviews and debates. 

The Fabrication Design Studio (The laser-cutter/ 
rapid prototyping/CNC milling machine case 
study) 

After the acceptance of digital media in the design 
environment, the tendency has reverted into a more 
open and opportunistic use of all media, including 
traditional media. We have embraced the concept 
that the use of multiple media reinforces the project 
understanding (Cheng, 1 995; Bermudez & King, 
1 998) and that translating the design project from 
one medium to another can lead to new directions 
and it would encourage refinement. The conversion 
among media provides opportunity for reflection 
and encourages the implementation of multiple 
cycles of creation, re-assessment, and re-definition. 
The re-articulation of the project into new medium 
forces to consider what is essential and what is ves¬ 


tigial. Among our design studios, the integration of 
2-D analogue and digital media by means of flat 
bed scanners and printers is very common and 
already yields satisfactory results in terms of imple¬ 
mentation and educational objectives. Lately, we 
are also promoting 3-D media integration by 
means of fabrication / rapid prototyping machines 
(RP) and 3-D laser scanners (Angulo, 2005). As a 
result the studio has started to migrate into the fab¬ 
rication workshop in a similar way as the studios 
migrated into the computer laboratories some 
years ago. From our past experience, we expect 
that initially the available RF) laser-cutter, and CNC 
milling machines will be only used as a means to 
facilitate the production of scaled physical models 
and mock-ups, as it was in the case of computers 
when they were only utilized for the production of 
drawings. In this context, the laser cutter and CNN 
machines have proved to be well-accepted and 
regularly used by the students. It is not the same 
case for our RP machine (Fuse Deposition 
Moldering technology) where the added value of 



Fig i The 

College of 
Architecture 
Fabrication 
Facilities: 1) 
FDM rapid 
prototyping 
machine, 2) 
Laser cutter, 
3)4) 
Woodshop, 
5)6)7) CNC 
milling 
machine 
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the resulting prototypes comes with a very high cost 
in time and money that discourages its utilization. 
Initial experiments using the 3-D laser scanner at 
the Archeological Preservation Research Laboratory 
at Texas A&M University have yielded positive 
results, especially during conceptual design stages, 
and validate the inclusion of shape grabbing and 
digitization of models in design. Following a paral¬ 
lel development to the one foreseen for computers 
in design studios, we will continue exploring the use 
of fabrication/scanning techniques and related 
methodologies as media for design and not simply 
as tools for the production of final models. 

2.3. Media instrumentation: adapting 
to the availability of new technology 

Adapting to the availability of the digital technolo¬ 
gy is a continuous challenge. The efficiency of any 
implementation is measured by not only the satis¬ 
faction of quantitative needs but also by the appro¬ 
priateness it holds with our instructional objectives. 
Three case studies describe the evolution and ten¬ 
dencies through which we have adapted: 

• Centralized computer laboratories committed 
to provide maximum IT access to the students. 

In addition to access to a standardized com¬ 
puter environment mainly directed to the teach¬ 
ing of computer techniques, students need to 
constantly practice and apply their newly 


acquired knowledge without restrictions. In 
order to address this need, not only the com¬ 
puter classes were delivered in the computer 
labs but also the students used them to practice 
and develop their assignments. The large 
demand of the required classes (sometimes 7 
sections of 24 students each) put to the test the 
infrastructure of the College, and in many 
instances, the demand had to be addressed 
through University-level laboratories (Student 
Computer Center). When the DDS's became 
generalized, the enrolled students became also 
users of these centralized laboratories adding to 
the demands of the regular computer classes. 
The system administration of these labs faced 
the enormous task of implementing, maintain¬ 
ing, and upgrading hardware and software on 
a constant basis. Other peripheral services as 
2-D printing and scanning, and reproduction 
were also stressed. A related problematic issue 
was the migration of students out of the studios 
and the apparent loss of studio culture and 
peer dynamic. 

• Computer resources in studio areas. Seven 
years ago in addition to the computer labora¬ 
tories, a system of network connections and a 
power grid was installed in the graduate design 
studios together with the availability of desktop 
computers for all the graduate student popula- 



Fig 6. Evolution and adaptation of the studio environments: 1) Traditional design studio, 2) Paperless 
Electronic Design Studio, 3) Digital Design Studio, 4) Cold Station, 5) Computer laboratory for lectures, 
6) Traditional and digital integration, wireless ubiquitous computing. 
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tion. Some undergraduate digital design stu¬ 
dios also selectively borrowed pallets of note¬ 
books administered by the digital media 
administration of the College. A small number 
of peripheral components (laser printers) were 
distributed in the graduate studio area but for 
the most, components remained centralized in 
one location at the "media center" (for digitiz¬ 
ing, printing, copying, and other media 
exchange operations). The computers that 
were distributed among graduate studios were 
3-year old, coming out of the centralized com¬ 
puter lab rotations and were largely outdated. 
Nevertheless, their availability did help reduce 
the level of migration out of the studios that was 
previously very evident. 

• Recently, the availability of wireless networks 
has initiated the phenomenon of ubiquitous 
computing provided by the students themselves. 
Personal computing is required from all stu¬ 
dents of the freshman and sophomore levels; 
others have increasingly followed the trend. 
Computer and software vendors offer academ¬ 
ic special prices and compete for the attention 
of our students at the same time that digital 
instrumentation is included in university finan¬ 
cial aid packages. With these incentives, there 
is no reason to foresee any drawback to this 
new strategy. Our academic institution is there¬ 
fore only dedicated to offer better bandwidth 
connections, provide the services of state-of- 
the-art "media centers(s)", and invest in high- 
end specialized peripherals (i.e. plasma screens 
with interactive layer, and fabrication/digitizing 
machines). 

3. WHAT WE HAVE LEARNED 

The most fundamental lesson we have learned from 
the analyses of the case studies that describe our 
experience of the last 1 0 years is that the individual 
experiences lack the holistic framework that can 
provide us with sustainable answers to all our 
strategic and tactical questions. It is only through 
the integration of digital design media courses, 
design studios, and computer infrastructure rele¬ 
vant to our teaching mission that we can achieve 
our objectives. 


The discussion on whether the students must 
learn first traditional or digital media is irrelevant. 
Furthermore, the design principles, symbols, and 
conventions for communication are common to 
any project and are media independent. On this 
basis, students should find similarities across tradi¬ 
tional and digital media, and at the same time, 
learn to express the same architectural values in 
any media. The real challenge is to facilitate oppor¬ 
tunities in the translation among media. 

It is not possible to address within a single syl¬ 
labus the learning needs of an extremely diversified 
group of learners. Currently required courses con¬ 
centrate on design media application strategies 
within design methodologies (in a studio environ¬ 
ment). As students come to college with unprece¬ 
dented software fluency, instructors are looking for 
ways technology can help foster creativity, commu¬ 
nication skills, and critical thinking. We are also in 
the process of developing state-of-the-art e- 
Learning tutorials (Angulo, 2006) as a means for 
skill leveling and elective courses for high-end dig¬ 
ital media expertise. 

It is not realistic to increase the number of 
required curricular hours dedicated to computer 
techniques, or try to fit all computer techniques in 
one single course. The educational strategy that we 
have been implementing throughout many years is 
to teach "to learn how to learn", so the students 
don't feel unprepared when changes or new tech¬ 
nologies arise. In this context, we are also making 
use of metacognitive strategies that reinforce reflec¬ 
tion and re-assurance of learning (Angulo, 2006). 
If students become aware of their own learning 
needs they can gear their own training by following 
selected "learning how to learn" strategies. 

Access to computer resources must be perva¬ 
sive. We need to maintain computer laboratories 
for the delivery of prescriptive computer operational 
skills. The instructors demand an instrumental 
framework in which all computers are configured in 
identical matter. On the other hand, the students 
should not rely on those laboratories for the devel¬ 
opment of assignments and design studio projects. 
Personal computing should populate the design 
studio environment making possible the reestab¬ 
lishment of a design studio culture and the benefits 
of a rich peer-review environment. 
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4. WHERE TO GO NEXT 

Aware of the critical importance of coherence in the 
articulation of "when", "what" and "how" we teach 
digital design media and design, we have decided 
to emphasize multidisciplinary integration and the 
development of multimodal and media- rich design 
environments. 

In terms of software use, we will emphasize mul¬ 
tidisciplinary integration through the use of BIM 
programs. Allowing everyone involved in a project 
to access the BIM data-base promotes multidisci¬ 
plinary integration. The Building Integration 
Modeling standard (BIM) instrumented in several 
off-the-shelf software platforms gives multi-user 
access to a single building model with drawings 
treated as graphical reports (Autodesk, 2002) This 
integrated building model enables the design and 
construction teams, among others, to extract almost 
instantly, much richer information than they could 
get from 2-D drawings. Since 2005, we have 
adopted the BIM software Autodesk REVIT for our 
freshman digital media course; we expect that the 
students will use BIM programs to produce projects 
more thoroughly developed and refined than with 
3-D tools alone. It will be required that students 
learn more about how building components and 
systems can be integrated into the functional/for¬ 
mal design. Integrated building modeling tools are 
not necessarily more expensive or more complicat¬ 
ed to use than more widely deployed CAD systems. 
We have strategically decided that by using BIM 
tools the students can focus more on learning to 
design by integrating building systems instead of 
just focusing on unrelated techniques for drafting 
and 3-D modeling. Quoting Paul Seletsky on the 
impact of BIM and education: in a BIM-enabled 
process, individual students ... are also encour¬ 
aged, and (most importantly) enabled, to act upon 
their ideas by digitally analyzing, critiquing, and 
then simulating conditions portraying those ideas. 
This in turn can lead to design conditions "informed" 
by data, finalized into an assembly "informed" by 
conditions-fed analytically as well as intuitively 
(Seletsky, 2006) 

In terms of hardware, our design environments 
will continue to be based on the design studio, 
which safeguards the non-negotiable function of 
promoting peer review among students, but can 
► 7 2 


additionally facilitate the integration of diversified 
media without instrumental limitations. In this 
vision, the traditional design studio will also be a 
hybrid of computer laboratory, videoconferencing 
site, and fabrication workshop. We have been suc¬ 
cessful in the introduction of this level of instrumen¬ 
tation but we have done so in a constellation of 
separate environments that fails to provide an 
opportunistic framework for their integration in the 
design process. We look forward to the implemen¬ 
tation of this kind of multimodal and media-rich 
environment, first at a prototypical level and follow¬ 
ing its assessment, we hope to propagate this kind 
of environment until meeting the large demand of 
our Department of Architecture. 
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AN AGENT-BASED SMART SKIN FOR BUILDING SMART 
HOMES 


Shang-Yuan Chen 


Abstract 

The smart open house provides optimal adaptability using sensing, operating, information, and communications tech¬ 
nology, in conjunction with open building in-filled components, to perceive user needs and environmental changes, and 
thereby meet the needs for sustainability and a healthy living environment. These needs are particularly pressing in view 
of the aged society that will emerge in Taiwan after 2020. Based on the smart open house hypothesis, this study pro¬ 
poses using agent-based smart skins in a smart open house, where an agent-based smart skin is embedded in a life¬ 
time home (or ageless home) with an open system construction. The agent-based smart skin operating mechanism 
employs fuzzy logic inference and neuro-fuzzy learning to process environmental information from sensing devices and 
drive skin elements, achieving adaptive action, meeting residents' lifetime use needs, and offering a user experience- 
oriented smart care capability. 

Keywords: Lifetime Home, Open Building, Intelligent Agent, Fuzzy Logic and Neuro-Fuzzy, Smart Care. 


INTRODUCTION 

Traditional static buildings are full of immobile 
objects that cannot respond to immediate and 
dynamic changes in the external environment. 
Although the open building is accepted as a build¬ 
ing variation (Habraken, 2000: 59-72) with an 
established theoretical foundation, an open build¬ 
ing nevertheless lacks smart mechanisms, cannot 
perceive changes in the environment, determine 
times when change is needed, or provide adaptive 


solutions. Responding to the contemporary need for 
sustainability and the demands of the coming aging 
society, this study proposes to establish a smart 
open house incorporating artificial intelligence into 
an open building system. 

Based on the smart open house hypothesis and 
a review of the literature, this study attempts to 
establish a basic theory of smart open systems and 
takes agent-based smart skins as its focus. Apart 
from laboratory simulations, the agent-based smart 
skin concept has been realized in a home con- 
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; Fig 2 Building a smart open system 

structed as an open system and suitable for use by 
the elderly - S House. A smart open system research 
subtopic (Figure 1) is proposed here following 
experimental assessment. 

LITERATURE REVIEW 

Technological advances resulted in an astonishing 
revolution in housing technology during the 20th 
century. The first quarter-century saw the adoption 
of electricity in the household, and information 
technology exerted a major influence during the 
final years. A smart home can be defined as a res¬ 
idence equipped with computing and information 
technology which anticipates and responds to the 
needs of the occupants, working to promote their 


comfort, convenience, security and entertainment 
through the management of technology within the 
home and connections to the world beyond 
(Aldrich, 2003: 17-18). 

In short, sensing, computing, and communica¬ 
tion technology can be used to create smart hous¬ 
es possessing open smart systems. We can expect 
that smart houses will inherit an open building's 
ability to adapt to variation. Figure 2 shows how the 
open building concept can be used to create smart 
homes meeting the needs of an aging society. The 
lifetime home shown schematically in this figure has 
the smart open system concept as its integrating 
core; the home features an adaptive design and 
possesses smart care functions. 

The Netherlands' SAR (Stichting Architecten 
Research) proposed the concept of separate sup¬ 
port and infill in the 1960s, which led to the inte¬ 
grated analysis of users' lives and existing systems. 
This work led to the suggestion that a modular grid 
can be used as a layout coordination tool to 
achieve reasonable and effective zone layout 
(Figure 3) and grid analysis (Figure 4). In the late 
1970s, open construction sought to provide sup¬ 
ports with diverse spatial arrangement. The 1980s 
and '90s saw the development of infill (e.g. Matura; 
Esprit), which was used in the commercial realiza¬ 
tion of open building theory (Habraken, 2000: 9- 
10). Responding to the need for sustainable con¬ 
struction, the time since the 1 990s has seen the 
development of building interface technology (Lin, 
2002 : 10 - 12 ). 
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The open building concept emphasizes the 
building life cycle and interaction with the user's 
lifestyle. From a macro perspective, the building life 
cycle includes preliminary planning, construction, 
and use (including modifications, upgrades, and 
maintenance). Ideally, the in-filled components of 
an open building can be modified, upgraded, and 
maintained (Hsieh, 2005: 3-9) in response to dif¬ 
ferent building life cycles. An open building pos¬ 
sessing artificial intelligence can determine living 
conditions and actively adjust its in-fill components 
in order to satisfy users' immediate living needs. 

Taiwan's society is experiencing demographic 
aging. According to the Demographic Projections 
for the Taiwan Area, 2004-2051 issued by the 
Council for Economic Planning and Development, 
the elderly will constitute 1 5.74% of Taiwan's popu¬ 
lation by 2020. Although it will be necessary to 
develop in-home service before that time, because 
people expect less care from their children in old 
age, and because of the growing number of 
nuclear families, in-home care of the elderly may 
prove very difficult (Chen, 2006: 87). The concept 
of the lifetime home is a necessary response to the 
aging of society. A lifetime home should possess 
functional flexibility and accommodate residents' 
abilities and needs throughout all stages of life. A 
lifetime home should adapt to users' living needs in 
different stages of life (including when healthy, dis¬ 
abled, and bedridden), so that users can enjoy 
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aging in place (Hsieh, 2005: 3-1). 

Nevertheless, from a short-term, micro perspec¬ 
tive, changes in residents' behavior in everyday life 
far exceed changes expected during the life cycle of 
a building. In other words, emphasis on a building's 
life cycle (including changes to in-fill components, 
maintenance, and updating) is insufficient to 
respond to short-term, dynamic changes in resi¬ 
dents' everyday use. For instance, when an elderly 
person in a wheelchair falls asleep in a space 
defined as a living room, the function of that living 
room should change to that of a resting room. The 
angle of the sunshading device should then be 
adjusted to reduce indoor illumination and the 
transparency of the screen should be reduced to 
increase privacy. Later, when the person awakes 
and grandchildren enter, the function of the resting 
room is restored to that of a living room. From a 
micro perspective, residents' need for adaptive 
functions in everyday life is far greater than their 
need for macro, long-term variation. 

THEORY AND METHOD: BUILDING 
AN AGENT-BASED SMART OPEN 
SYSTEM 

Several smart house cases and smart open systems 
in particular were examined . In such well-known 
cases as the MIT's House_n, Aware House, 
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Adaptive House, TRON House, and Toyota 
Intelligent House PAPI, researchers have both 
explored new digital technology and also empha¬ 
sized that the integrated application of sensing 
hardware and software must meet users' needs 
(Chen, 2005). In addition, in contrast with past 
focus on centralized intelligent control systems in 
home automation, this study proposes the use of 
intelligent agents to establish smart open systems. 
This refers to use of individual intelligent agents or 
intelligent agent societies in a distributed intelligent 
environment to perform communication and coor¬ 
dination via a network and user interface. The intel¬ 
ligent agents drive the building's in-fill components 
and perform adaptive smart actions meeting users' 
dynamic living needs. 

Intelligent agent technology is currently one of 
the most important topics in the field of artificial 
intelligence. Intelligent agents involve the integrated 
use of sensors, computers, and information net¬ 
works. Intelligent agent societies and multi-agent 
systems apply ubiquitous computing, interaction 
and communication, intelligence, authorized 
agents, and humanistic design in order to create 
intelligent network-based distributed computing 
environments (Wooldridge, 2002: 23-25). The 
internal elements of independent intelligent agents 
are assembled into modules in accordance with the 
principle of cohesion so as to maintain the agent's 


autonomy. Furthermore, agents must reduce exter¬ 
nal coupling as much as possible in order to main¬ 
tain the openness of the agent community 
(Padgham, 2004: 1-20, 55). The intelligent agent 
concept facilitates the integration of sensors and 
various in-fill components such as door agents and 
window agents. Figure 5 shows an agent-based 
smart open system. Sensors embedded throughout 
the house perceive variations in the environment, 
and intelligent agents use inductive learning with a 
knowledge base or database to perform optimized, 
intelligent actions. This study uses agent-based 
smart skins to further investigate the applications of 
smart open systems. 

It has proven difficult for designers to select 
appropriate technologies and determine algorithms 
and control conditions when creating intelligent 
environments. For example, the TU Vienna Test-bed 
(Mahdavi, 2005: 45-66) employs a rule-based 
control system in which meta-controllers must be 
added as the number of devices increases. This sys¬ 
tem consists of a distributed, hierarchical control 
node framework. The fact that it is not easy to dis¬ 
tinguish modules in the system increases the diffi¬ 
culty of control and rule description. In another 
example, Adaptive Home (Mozer, 2005: 273-294) 
employs Adaptive Control of Home Environment 
(ACHE) to strike a balance between maximum user 
comfort and minimum energy consumption. 
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However, because the central control system's X-l 0 
controller is often slow to respond or out of order, 
or because of improper operation, the neural sys¬ 
tem tends to make learning errors and converge on 
a state of low energy consumption and low com¬ 
fort. 

After examining the advantages and disadvan¬ 
tages of these two cases, this study proposes the 
use of a fuzzy logic and neuro-fuzzy system as a 
computing mechanism. This type of system can use 
prior knowledge and fuzzy logic to make infer¬ 
ences, while also employing neuro-fuzzy learning to 
reduce the error between inferences and reality 
(Negnevitsky, 2005: 87-127, 268-284). Solutions 
obtained by conventional binary rule-based control 
elements via inference must consist of truth values 
of 0 or 1. There must therefore be a meta-controller 
to help perform further judgment when a conflict 
between rules occurs. Fuzzy logic is nevertheless 
able to obtain truth values between 0 and 1 from 
vague, ambiguous, and imprecise information. Via 
the definitions of linguistic variables, membership 
functions, and fuzzy reasoning, a fuzzy logic rea¬ 
soning system can use weighting to resolve con¬ 
flicts, and does not need additional control nodes. 
A fuzzy logic reasoning element consequently can 
be seen as an independent smart module. 
Moreover, in comparison with other neural tech¬ 
nologies, neuro-fuzzy offers the following advan¬ 


tages: (1) Because it starts with built-in fuzzy logic 
system, the freedom of neuro-fuzzy learning can be 
controlled, and learning errors can be avoided. (2) 
Because prior knowledge can be inherited from the 
fuzzy logic system, the results of learning can be 
read or subjected to inference. ( Pal, 2004: 231 - 
252) 

In summary, this study will develop an agent- 
based smart open system, and suggests the use of 
a fuzzy logic and neuro-fuzzy system as the intelli¬ 
gent agents' computing mechanism. This system 
can employ inference and learning to implement 
adaptive actions and functions. The agent-based 
control system can be divided into two layers; the 
first layer consists of the computing mechanism and 
planning of independent agents, and the second 
layer consists of a description of the agent commu¬ 
nity interaction mode. 

Definition of agent-based smart skins 

Agent-based smart skins constitute interfaces for 
communication between occupants and the envi¬ 
ronment. An agent-based smart skin should be able 
to simultaneously sense occupants' physiological or 
psychological needs and fluctuations in the envi¬ 
ronment, which includes both the external environ¬ 
ment (sunlight, wind, noise, rain, etc.) and the inter¬ 
nal environment (temperature, humidity, artificial 
lighting, etc.). The agent-based smart skin can 
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Fig 7. 

Adaptive 
behavior 
by intelligent 
agents 


respond by activating or turning off the building 
shell's in-fill components, and thereby controlling 
the environment. Apart from improving comfort 
and health conditions, the smart skin must also be 
able to meet the requirements of sustainable devel¬ 
opment (Figure 6). Furthermore, in accordance with 
the design goals, a smart skin should be able to 
assign at least one agent or societies of agents to 
perform tasks or accomplish overall goals. 

Smart modules 

Intelligent agents consist of sensors, computers, 
and actuators, including software and hardware 
(Russell, 2003: 32-58). Agents process information 
received from sensors or other agents via an event- 
driven model, and then drive the building's in-fill 
components in accordance with plans or sub¬ 
plans. An agent can perform reactive, proactive, 
and interactive adaptive behaviors. Reaction refers 
to immediate action taken by an agent without 


computing after receiving information. Pro-action 
refers to action taken following computing after 
receiving information. Interaction refers to commu¬ 
nication between an agent and another agent or an 
occupant via a human-computer interface (Figure 

7 ). 

Intelligent agent societies 

Agent societies or agents and users can generate 
cooperative or coordinated interactive behaviors 
via common communication protocols, shared 
databases, messages, and human-computer inter¬ 
faces (Wooldridge, 2002: 23-25). The levels and 
subordination relationships of agents within a com¬ 
munity are not fixed, and can be changed or 
reassembled to suit the task or overall goal (Minsky, 
1988: 34-35) (Figure 8). Testing and mode analy¬ 
sis is presented in section "Environmental settings 
and implementation" 



I •> Create Action . 
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Create Data 
I I Create Role 
O Create Goal 
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O Create Percept 
CD Create Plan 
O Create Protocol 
Create Scenario 
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Fig 8. 

Interactions in a 
community of 
agents 
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User Types 

Interface 

prompt 

Adaptive actions 

Table 1. 

Smart care levels 

Level 1 - Norm 

(Interface alert) 

Ordinary people 

Yes 

Passive 
(User Driven) 

Level 2 - Aging 

(interface prompt and 

user selection) 

Healthy seniors 

Yes 

Interactive 


Level 3 • Disability 

(Pro-active assistance) 

Disabled persons or 
impaired seniors 

No. 

Reactive 

Pro-active 


Smart care levels 

The user experience-oriented three smart care lev¬ 
els of (1) Ordinary people (interface alert), (2) 
Healthy seniors (interface prompt and user selec¬ 
tion), and (3) Disabled persons (proactive assis¬ 
tance) can be defined depending on whether there 
is a human-computer interface and on the adaptive 
behavior mode of the actuator. As shown in Table 
1, the interface prompted interaction mode is suit¬ 
able for ordinary people and healthy seniors. On 
the other hand, the disabled can employ the proac¬ 
tive assistance mode, where agents can perform 
inference and learning without the occupant having 
use the interface. (Note: Passive refers to when the 
user purposely adjusts the building's elements and 
the actuator operation is not controlled by agents. 
An example is when the user opens or closes the 
window without the use of agents.) 
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Prior research (Chen, 2005) has verified that 
agent-based smart skins are able to implement sim¬ 
ple context-aware functions via rule-based infer¬ 
ences, but cannot handle complex situations. 
However, agent-based interfaces can describe the 
state of the environment (indoor and outdoor) and 
prompt users. 

Figure 9 shows a feasible computing device 
(Campbell CR51 0 data logger) receiving data from 
sensors and allowing simple rule-based program 
design. The start of measurements and control of 
functions are based on time or event. The data log¬ 
ger is able to drive external devices, such as pumps, 
starters, or control valves. The data loggers pro¬ 
gramming software is known as EDLOG. EDLOG 
contains computing units for input and output, pro¬ 
cessing, processing control, and output processing. 
In addition, VB program executable files are need- 
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ed to activate interface agents. Database applica¬ 
tions programs (Dream-weaver+ ASP+ Access) 
can be used to design a user interface and estab¬ 
lish a database. The figure shows indoor and out¬ 
door light sensors. The data logger can adjust the 
sunshade angle on the basis of its inferences. If, 
however, information from the two sensors causes a 
logical conflict (XOR), the user must communicate 
interactively with the interface agent. 

Algorithmic mechanisms: Fuzzy logic inference and 
neuro-fuzzy learning 

Based on the functional definition of smart skins, a 
smart module-computing mechanism unit possess¬ 
es at least two sensor input terminals receiving 
event information. Here an event refers to a per¬ 
son's motion in space or information generated by 
a person's interaction with the environment. The two 


sensors respectively receive information from the 
environment (E) or people (P). At least one terminal 
provides output to an actuator, and the actuator 
can be an in-fill component (B) or other element 
agent (EA). 

1. The fuzzy logic inference mechanism consists 
of (1) fuzzification, (2) fuzzy inference, and (3) 
de-fuzzification. Fuzzy inference plans or sub¬ 
plans determine rules from input to output 
depending on detected events, i.e., IF<detect 
input event (E, P)>THEN<action (output)-(B, 
EA) >. In addition, the cause and effect rela¬ 
tionship between the detected input and output 
action can be expressed as a matrix rule. 
(Figure 1 0) 

2. The smart skin's neuro-fuzzy learning 
employs an error back propagation supervised 
learning algorithm, and relies on the adjust- 
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; Fig 1 Environmental settings 

ment of degree-of-support (DoS) to reduce the 
error between the predicted fuzzy inference 
value and the actual use value. This achieves 
optimized correspondence between input and 
output (Altrock, 1995) (Table 2). 

IMPLEMENTATION OF AN AGENT- 
BASED SMART SKIN 

The goal of this experiment is to test the ability of 
intelligent agents to perform tasks. This involves not 
just the individual actions of intelligent agents, but 
also the interaction of the user with an agent com¬ 
munity. 


Task and basic conditions 

The main task is the adjustment of indoor lighting. 
Fuzzy-TECH software is used to simulate a smart 
skin's fuzzy logic inference and neuro-fuzzy learn¬ 
ing. This experiment's unit modules are simplified as 
two input terminals and one output terminal, and 
linguistic terms are uniformly reduced to three (e.g., 
up, zero, and down, or low, mid, and high). 

Setting user attributes and activities 

The purpose of setting user attributes and activity 
type is indeed to test adaptive behavior at different 
smart care levels. Observations from everyday life 
indicate that there are two main reasons for adjust¬ 
ing indoor lighting. One reason the usehs age: 
Since vision gradually deteriorates with age, older 
users need illumination to perform various activi¬ 
ties. The second reason is the lighting need of the 
activity that will occur. Different activities require dif¬ 
ferent illumination. The adaptive behavior that 
occurs when an agent outputs a smart care level 
can be seen as a response function to the user's age 
and the lighting need of the activity. This is to say: 
IF event = (user age, lighting need of the activity) 
THEN action F = (user age, lighting need of the 
activity). 

User attributes consisted of adults over 30 years 
of age and seniors less than 70 years of age; the 
30 persons included equal numbers of men and 
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Table 3. 

Fuzzy inference 
plan 


women. In line with smart care level, the occupants 
were classified as normal, healthy seniors, and dis¬ 
abled persons. The lighting needed for the occu¬ 
pants' activities was classified as dim (relaxation¬ 
resting, chatting), medium (general tasks- reading, 
writing), and bright (precision tasks- sewing, nursing 
care). In addition, activity privacy needs were clas¬ 
sified as low (talking), medium (reading, writing, 
sewing), and high (resting, nursing care). 

Environmental settings and implementation 

This experiment used a window agent as a smart 
skin, and investigated the possibility of interaction 
between smart skins and other intelligent agents. 
The experiment was conducted in a 3.6X3.6X3.6 
m3 indoor space. Light was obtained through a 
south-facing window; the solar altitude was fixed at 
45°, and the sky brightness was set at 500 cd/m2 
(Figure 1 1). The sill height was 90 cm above the 
floor, and the window opening was 2.7X1.8m2 (w, 
h). Furniture was temporarily arranged around the 
room to facilitate the experiment. (Figure 12) 


The window agent consisted of two subagent 
module elements: a louver board (LB) agent and a 
polymer-dispersed liquid crystal (PDLC) glass agent. 
The louver board agent adjusted the louver angle 
(down, zero, up) in accordance with indoor lighting 
needs (dim, mid, bright) and the useFs visual needs 
(low, mid, high). The PDLC glass agent served to 
adjust the transparency of the PDLC glass in accor¬ 
dance with the indoor activity lighting needs (dim, 
mid, bright) and the useFs privacy needs (low, mid, 
high). The fuzzy inference plan was as shown in 
Table 3. For instance, if the lighting need was high 
(bright) and visual need low, the louver board 
would be adjusted up for more sunlight and visibil¬ 
ity. Furthermore, the system interacted with another 
smart entity- a lamp agent. The system received 
information from the window agent via wireless sig¬ 
nals, and adjusted lamp brightness in order to 
improve indoor illumination. In addition, the user 
could use a wall-mounted dial to adjust the light¬ 
ing. The learning agent used a neuro-fuzzy training 
data set from the lamp use database to adjust the 
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Interaction and 
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an agent 
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DoS of the lamp agent's fuzzy inferences and 
improve the lamp agent's predictive ability. 

In accordance with its mission and overall goals, 
the experience analyzed the following four types of 
interactive relationships possessed by agents and 
societies: (1) Agents of the same type may perform 
different tasks with different goals. (2) Agents of the 
same type may perform tasks with the same goals. 
(3) Agents of different types may bear responsibility 
for sub-tasks with the same goal. (4) Agents of dif¬ 
ferent types may perform sequences of different 
tasks with the same goals. Although the louver 
board agent and PDLC glass agent are both win¬ 
dow agents, the former adjusts visibility and the lat¬ 
ter controls privacy. They thus control different win¬ 
dow functions, and can be seen as (1) agents of the 


same type performing different tasks with different 
goals. But from another point of view, since they 
both affect the lighting needs of the usehs activities, 
they can be seen as (2) agents of the same type per¬ 
forming tasks with the same goals. In contrast, 
although the louver board agent and lamp agent 
are different types of agents, they constitute (3) 
agents of different types that bear responsibility for 
sub-tasks with the same goal, namely the goal of 
lighting. The communication and cooperation from 
the lamp agent and database to the learning agent 
constitutes (4) agents of different types performing 
sequences of different tasks with the same goals 
(Fig. 13). 
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Assessment of relative intelligence and perfor¬ 
mance: 

The relative performance assessment method is 
adapted from the performance measure concept 
(Russell, 2003: 32-58), and serves as a user-ori¬ 
ented assessment indicator (Figure 14). Relative 
performance is a measure of the agent's intelli¬ 
gence; in other words: 

Intelligence = user satisfaction = adaptive per¬ 
formance + performance expected by user = rela¬ 
tive performance 

The window agent must provide proactive assis¬ 
tance when the users are, for instance, elderly or 
mobility impaired. Suppose the initial illumination is 
500 Lux, and the agent changes this to 1,000 Lux 
after performing inference. The adaptive perfor¬ 
mance is therefore 1000-500?500 Lux. If user A 
feels that the lighting is just right, and there is no 
need to adjust the illumination, the relative perfor¬ 
mance is therefore (1000-500) / (1000-500) ?1. If, 
however, user B uses the dial to change the illumi¬ 
nation to 1,300 Lux, the relative performance will 
then be (1000-500) / (1300-500) ?0.625. The 
adjustments and relative performance values are 
recorded in the use database. It was found that rel¬ 
ative performance tended to be lower when users 
were middle-aged or older (40-65 years of age or 
above). Results suggest that the elderly have greater 
illumination needs than most normal adults. 

RESULTS AND DISCUSSION 

The foregoing illustrates how intelligent agents can 
use fuzzy logic inference and neuro-fuzzy learning. 
The following are some feasible suggestions: 

• The system may be combined with other open 
building systems: While this study addressed 
only parts of building shells, in fact open build¬ 
ings also include open living, open supply, and 
open production systems (Tatsumi, K., 2000: 
40—43), along with these systems' derivative in¬ 
fill components. 

• Establishment of a prior knowledge data¬ 
base: Predictions are based on user preferences 
and habits, which are reflected in fuzzy infer¬ 
ence plans or sub-plans, or in distribution of 


DoS. Prior knowledge is a prerequisite for fuzzy 
inference. For instance, before establishing a 
matrix rule for the louver board agent, it is nec¬ 
essary to know that people usually open the 
louver window to obtain more light to increase 
the visibility when the need for illumination is 
high. Further research should deal with people's 
spatial perceptions and environmental behavior 
to scientific analysis. 

• Smart care functions: In-fill component adap¬ 
tation records can provide a better understand¬ 
ing of occupants' use or health. For instance, 
the fact that a smart skin's louver window is usu¬ 
ally closed may indicate that a space is current¬ 
ly often used for resting. On the other hand, the 
fact that the PDLC glass is usually not transpar¬ 
ent indicates that the indoor activities require a 
high level of privacy, which may lead to the 
conclusion that the occupant is ill and needs 
more rest. 

• Conflict resolution: The events perceived by 
agents and the tasks and target benefits of 
agent societies are not necessarily identical. 
Cooperation and compromise in the case of 
conflict depend on reasonable inferences by 
the fuzzy inference plan. Taking the PDLC glass 
agent as an example, the occupant's illumina¬ 
tion needs will be high (bright) when he or she 
is receiving nursing care, but he or she will also 
have a high need for privacy. In this case, 
should the PDLC glass increase transparency in 
order to admit more light? Or should it reduce 
transparency in order to provide more privacy? 
For instance, as can be seen from the second 
column of Table 3, when IF ?Lux (bright) and 
Privacy (high) ? THEN ?Trans (low) ?, the agent 
will reduce the transparency of the PDLC glass 
to increase the occupant's privacy. But since 
there will be little natural light in the room, the 
lamp agent will then adjust the lamp brightness 
to provide the illumination needed for nursing 
care. 

• Comparative analysis of the open building 
and smart open house concepts (Table 4). 
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Item 

Open Building 

Smart Open House. 

Topics 

Industrialized house 

Variation - (time + architecture) 

Addresses new contemporary issues 
Adaptation - intelligence x (time + 
architecture) 

Period issues 

Systematic construction method: 

1960s: modular grid used to coordinate layout 
Late 1970s: open construction, support design 
pursuing economic effectiveness 

1980s- 1990s: realization of commercial 

In-filled systems, e g., Matura, Esprit 

1990s: sustainable construction interface 
design 

1. Sustainable construction 

2. Response societal aging 

Problems faced 

1. Need for individual diversity and local 
variations under industrialized production. 

2. Need to reflect changes in occupants, use 
functions, and content in the building life cycle. 

1. Sustainability and health: Need to optimize 
occupants' health and comfort, sustainability, 
and environmental changes 

2. Aging society: Need to use adaptive 
architectural elements to realize smart care 
design features 

Design goals 

To introduce individual diversity under industry 
production 

1. To optimize needs and change 

2. To employ smart care features to help 
users to maximize independent living 

Systems 

integration 

Integration of open living system, open supply 
system, and open production system 

Integration of smart open system and open 
building system 

Constituent 

elements 

Support + in-filled components 

(structure, floors, doors & windows, furniture, 

etc.) 

Intelligent agents (including software and 
hardware, sensors, computer, actuator) 

Levels 

Support and in-filled components 

User-oriented smart care level:(1) Ordinary 
people, (2) Healthy seniors and (3) Disabled 
persons 

Behavior 

Changes in a building's in-filled components; 
movements include configurations of 
morphological grammar: translation, rotation, 
replication, reflection, etc. 

Adaptive actions include: passive, reactive, 
proactive, interactive 

State changes 

Interaction of building's life cycle and user's 
living behaviors 

Lifetime use; reacts to events; adaptive 
actions 

Communication 

platform 

Common management and communication 

Communication protocol, human-computer 
interface 

Assessment 

standards 

Capacity 

Relative performance 

Design process 

Participatory design 

User-oriented; human-machine interaction 

Construction 

management 

Two phases of construction (support and infill ) 

Smart open system can be updated at any 
time 


Table 4. 

Comparative 
analysis of open 
building and 
smart open 
house concepts 


CONCLUSIONS 

This study proposed the use of intelligent agents to 
establish a smart open system in a distributed intel¬ 
ligent environment. This smart open system pos¬ 
sesses autonomy and smart open modules and can 
perform adaptive behavior, further realizing the flex¬ 
ibility and variation of open buildings. 

Existing data logger technology was used in this 
study to verify the establishment of a rule-based 
agent-based smart skin. Although the smart skin 
could handle simple situations, because no fuzzy 
logic-based data logger was available, software 
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was used to test the theoretical feasibility of a fuzzy 
logic smart skin system, and a user experience-ori¬ 
ented smart mode and assessment mechanism 
were derived. Future research should focus on 
practical applications involving hardware and soft¬ 
ware integration. 

An individual intelligent agent can define the 
three user experience-oriented smart care levels of 
(1) Ordinary people, (2) Healthy seniors and (3) 
Disabled persons depending on whether there is 
human-computer interface prompting and agent's 
adaptive behavior mode. And agent societies can 
generate interactive behavior reflecting the agents' 





similar or different tasks and goals. In conjunction 
with rule-based inferences and artificial neural net¬ 
work learning, fuzzy logic and neuro-fuzzy technol¬ 
ogy can enhance the system's reasonableness, reli¬ 
ability, and predictive ability. It can be foreseen that 
agent-based smart homes will be widely used in the 
aging society of the future. Thanks to their user 
experience-oriented smart care features, these 
homes will meet occupants' lifelong needs and pro¬ 
vide greater residential comfort, safety, and health. 
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The book anthology represents a compendium of 
papers delivered at the second of two international 
workshops conducted during the summer of 2004 
at the Istanbul Technical University, Housing 
Research and Education Center. The thematic mark 
is to explore a generic city of opposites. In thirds the 
groupings of conference delivered papers reflect 
theory, case studies, and the concentrated analysis 
of a 700-year old Ottoman Village in Turkey. The 
latter focus on the town of Cumalikizik presents the 
threat of modernization to its significantly redeeming 
historic and architectural qualities. 

At times, the papers and their editorial introduc¬ 
tions present themselves obtusely, leading me to 
believe that architects should not write and reaffirm¬ 
ing my admiration for them as design professionals. 
Indeed, replacing a picture with a thousand words 
can be either enlightening or demoralizing. I can¬ 
not fathom the abstractions of "permeable, resilient 
and transparent urban forms," or just how to man¬ 
age "mass-void relationships." Yet, apparently, they 
do make a place "responsive." 

Aside from my personal struggle with the lexicon 
of visionary concepts, the series of papers seemed 
as disjointed as the intentions of central theme. 
Several hit the mark while others did not appear as 
a sequence. Both the theoretical concepts and the 
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series of case studies appear as stand-alones; there 
is no point and counter-point and no progression of, 
for instance, general to specific or through the 
design process. An anthology's pitfall is that the 
pieces fail to have a conversation with each other, 
despite their commission to do so. 

Nevertheless, I found fascination with the irony of 
the harmony of dissonance. As a sub-theme, 'in 
between past and future" is explored in the opening 
paper by Karen Franck through the juxtaposition of 
new and old urban forms. The duality of her inter¬ 
est is in the ambiguous as well as the "clarity of 
oppositions." 

In sum, the incongruity of city forms, historic and 
contemporary, a variety of styles, scale, even full 
sensory messages, promotes the city as both legible 
and interesting. Opposites both repel and attract. 
The dissonance is appealing. 

The message to planners and urban design profes¬ 
sionals promotes the value of heterogeneity. Boring 
is homogenous environments, as if "planned" or 
designed through a unified, uniform vision. Yet, it 
seems that a consonant harmony prevail the profes¬ 
sional culture. This anthology presents the chal¬ 
lenge to such conventional thought. 

Where have we seen this before? Outside the lit¬ 
eracy of the design professions is anthropology, and 
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the memorable work of William Whyte [The 
Organization Man, 1956; The Last Landscape, 
1968; and his capstone achievement in City: 
Rediscovering the Center, 1 988], who systematical¬ 
ly observed how people behave with urban form. In 
sum, the congregate person loves the tension of 
urban life. Whyte understood the ironic appeal of 
opposites, of dissonance that makes imperfectly 
human and worthy of human interest our built envi¬ 
ronment. 

I reflect on my own emotional experience with 
New York City subways at rush hour. The train car 
treated passengers as canned sardines, forcing most 
to stand, struggling to counter-balance the train's 
erratic motion, and be "uncomfortably" close to 
strangers. However, that discomfort yields to a 
voyeuhs fascination, the privacy of anonymity, and 
the security of numbers. The juxtaposition of oppo¬ 
site sensory receptions compels many to the urban, 
congregate, life style. 

Of the twenty-four contributors to this anthology, 
all are architects or urban planners, a limiting factor. 


Notable strides have been made by the likes of 
Whyte, as an anthropologist and writer for the pop¬ 
ular press [The New Yorker] and Jane Jacobs, as the 
"nonprofessional" savior of the old urbanism. 

A shortcoming of the editing, the book deserves 
an index and list of illustrations. The illustrations are 
replete throughout and on paper stock suited to full 
color publication. Yet, without text wrapping there 
are unnecessary gaps on the page. We are left with 
the impression of a less than professional publica¬ 
tion. 

As the editors' "last word": The editors of this 
booh hope that this one tempts further inquiries into 
the city and life from architectural and contextual 
point of view in order to generate more conscious 
and more people-responsive, integrated urban envi¬ 
ronments..., and protecting their original patterns 
while encouraging the piecemeal growth. 

I do commend the book to design professionals, 
primary, and to the lay public interested in urban 
form, secondarily. But, most of all I commend the 
editors' hope to other scholars. 
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